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PREFACE TO THE FIFTH EDITION 


In the preparation of the fifth edition of the “American Electricians* 
mdbook” tiie entire work has been carefully revised and expanded in 
.er to be in accordance with the latest good practice and the 1940 
\ ion of the National Electrical Code. Many parts have been entirely 
written and more than (>00 pages of new material have been added, 
.eluding over 400 new illustrations. In both the inclusion and the 
rrangement of tin* material, every effort has been directed toward mak- 
ng the volume as practically useful as possible. 

The book has been expanded from six divis > s to ten. One entire 
ie\N division has been devoted to a compreh* mvo treatment of the 
oroperties and splicing of conductors. The subject of circuits and 
•ircuit calculations has been allotted a separate division, instead of being 
•■eluded m the division on fundamentals. Another new division gives 
mormation on general electrical equipment and batteries. In order that 
he information most frequently required in the planning of electrical 
"dallations will be most convenient for use, the last division in the book 
insists of a compilation of wiring tables. Great care has been exercised 
to arrange these tables in the order that it is felt will be most helpful 
for the user. 

In the preparation of the manuscript the reviser has been assisted by 
his colleague Donald H. W right of the Electrical Engineering Department 
of Pratt Institute. The reviser also wishes to express his appreciation 
to all those who have aided m the preparation of this extended revision. 
'Fhe cooperation of many manufacturing organizations in supplying 
illustrations, data, and valuable suggestions has been of great assistance. 

Clifford C. Carr. 

Brooklyn, N. Y., 

Juh/, 1942 




PREFACE TO THE FIRST EDITION 


This is a practical man’s handbook. 

In compiling it, the aim has been to collect such information as will 
able practical electrical men—wiremcn, contractors, linemen, small 
.ant superintendents, operators, and construction engineers—to select 
nd install commercial electrical apparatus and materials intelligently 
r the performance of given services, and to qualify them for operating 
he equipment after it has been installed. 

For a dozen years the compiler has maintained a personal file of loose- 
af notes on practical electrical subjects. This material constituted the 
ucleus around which The American Fleetricians’ Handbook has been 
issembled. Additional matter has been collected from many sources. 
Extracts from standard books and from technical magazines have been 
utilized freely. Much of the text is from articles prepared by the com¬ 
piler and printed in trade papers. The endea\ or has been to give proper 
credit for all material that has appeared previously. 

While this is not a so-called ‘Theoretical” book it is theoretical to the 
extent that the information that it gives is based on sound physical laws, 
as all good engineering practice must be. However, the truths arising 
from the laws have been given rather than the deduction of the laws 
themselves. Theoretical discussion has been included only where it 
may be of assistance in enabling the reader to understand why he should 
do certain things in certain ways. 

Some relatively simple subjects have been treated at considerable 
length, and others of a more complicated nature may, perhaps, appear to 
have been slighted. There are two reasons for this: first , space limitation 
considerations and second, the desire to cover thoroughly those things 
which the practical man encounters most frequently. 

Illustrations and diagrams, every one of which has been especially 
prepared for this book, have been used very freely, because one illustra¬ 
tion will frequently explain more than several pages of text. Many 
special problems are solved to indicate the proper application of the rules 
which are given. No attempt has been made to treat apparatus or 
materials involving voltages exceeding 2400. 

Although this handbook has been prepared primarily for men of little 
schooling, it is designed to give practical information on materials, and 
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CONVERSION TABLES AND USEFUL FACTORS 

(“Standard Handbook for Electrical Engineers”) 

These factors were calculated with a double-length slide rule and checked with those 
given by Carl Hering in his “Conversion Tables/’ 

1. Length 

1 mil = 0.0254 mm. = 0.001 in. 

1 mm. = 39.37 mils = 0.03937 in. 

1 cm. = 0.3937 in. - 0.0328 ft. 

1 in. = 25.4 mm. = 0.083 ft. = 0.027S yd. = 2.54 cm. 

1 ft. = 304.8 mm. - 12 in. - 0.333 yd. = 0.305 m. 

1 yd. = 91.44 cm. = 36 in. = 3 ft. = 0.914 m. 

1 m. = 39.37 in. - 3.28 ft. = 1.094 yd. 

1 km. = 3,281 ft. - 1,094 yd. - 0.6213 mile. 

1 mile = 5,280 ft. = 1,760 yd. = 1,609 m. - 1.609 km. 

2. Surface 

1 cir. mil = 0.7854 sq. mil = 0.0005067 sq. mm. = 0.0000007854 sq. 
in. 

1 sq. mil = 1.273 cir. mil = 0.000645 sq. mm. = 0.000001 sq. in. 

1 sq. mm. = 1,973 cir. mil = 1,550 sq. mil = 0.00155 sq. in. 

1 sq. cm. — 197,300 cir. mil = 0.155 sq. in. = 0.00108 sq. ft. 

1 sq. in. — 1,273,240 cir. mil = 6.451 sq. cm. = 0.0069 sq. ft. 

1 sq. ft. - 929.03 sq. cm. - 144 sq. in. « 0.1111 sq. yd. = 0.0929 

sq. m. 

1 sq. yd. = 1.296 sq. in. = 9 sq. ft. = 0.00836 arc = 0.000207 acre. 

1 sq. m. = 1,550 sq. in. = 10.7 sq. ft. = 1.195 sq. yd. = 0.000247 

acre. 

1 acre = 43,560 sq. ft. = 4,840 sq. yd. = 4,047 sq. m. = 0.4047 
hectare = 0.004047 sq. km. = 0.001562 sq. mile. 

1 sq. mile = 27,880,000 sq. ft. = 3,098,000 sq. yd. = 2,590,000 sq. 
m. = 640 acres = 2.59 sq. km. 

3. Volume 

1 cir. mil-ft. == 0.0000094248 cu. in. 

1 cu. Cfti. = 0.061 cu. in. = 0.0021 pt. (liq- ) = 0.0018 pt. (dry). 

1 cu. in. * 16.39 cu. cm. = 0.0346 pt. (liq.) = 0.0298 pt. (dry) =* 

0.0173 qt. (liq.) ■ 0.0148 qt. (dry) = 0.0164 1. or cu. dm. * 0.0036 
gal. - 0.0005787 cu. ft. 
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1 pt. (liq.) =» 473 18 cu cm = 28 87 cu m 
1 pt (dry) = 550 6 cu cm = 33 60 cu m 

1 qt. (liq.) = 946 36 cu cm = 57 75 cu m = 8 gills (liq ) = 2 pt 
(liq ) = 0 94636 1 or (u dm = 0 25 gal 
11. = 1,000 cu cm = 61 023 cu in = 21133 pt (hq ) = 

1 8162 pt (dry) =* 0 908 qt (dry) = 0 2642 gal (hq ) = 0 03531 cu ft 

1 qt (dry) = 1/101 cu cm = 67 20 cu in = 2 pt (dry) = 0 03889 

cu ft 

1 gal. = 3,785 cu cm = 231 cu m = 32 gills = 8 pt = 4 qt 

(liq ) — 3 785 l = 0 1337 cu It = 0 004951 cu yd 
1 cu. ft = 28,317 cu cm = 1,728 cu m = 59 84 pt (hq ) = 
51 43 pt (dry) - 29 92 qt (liq ) = 28 32 1 - 25 71 qt (dr>) = 7 48 

gal = 0 03704 cu yd = 0 02832 cu m or stere 

1 cu. yd = 46,656 cu m = 27 cu ft = 0 7646 cu m or stere 

1 cu. m = 61,023 cu m = 1 0001 = 35 31 cu ft = 1 308cu yd. 

4 Weight 

0 01543 gr = 0 001 g 
64 80 mg = 0 002286 oz (av ) 

15 43 gi = 0 03527 o/ (av ) = 0 002205 lb (av ) 

437 3 gi = 28 35 g =16 drxms (av ) = 0 0625 lb 

7 000 gr = 453 6 g = 256 drims = 16 o/ = 0 4536 

15 432 gr - 35 27 o/ = 2 205 lb 

2,000 lb (av ) = 907 2 kg = 0 9072 ton (metric) 

2 240 lb = 1 12 tons (short) = 1 016 tons (metric) 

5 Energy 

lorque units should be distinguished tiom energv units 1 hus toot 
pound and kilogram-metei tot cncigv and pound-foot end meter 
kilogram tor torque (see Sec 102 foi further information on torque) 

1 ft -lb - 13 560 000 ergs = 1 356 joules = 0 3239 g -n! =0 1383 
kg -m = 0 001285 B t u = 0 0003766 watt-hr = 0 0000005051 hp -hr 
1 kg -m - 98,060,000 ergs = 9 806 joules = 7 233 ft -lb = 2 34 g - 
cal = 0 009296 Btu = 0 002724 watt-hr - 0 000003704 hp -hr 
(metnc) 

1 B.t.u. = 1 055 joules = 778 1 ft -lb = 252 g-cal = 107 6 kg-m = 

0 5555 lb-centigrade heat unit = 0 2930 watt-hr = 0 252 kg-cal = 

0 0003984 hp -hr (metric) = 0 0003930 hp -hr 

1 watt-hr. = 3 600 joules = 2,655 4 ft -lb = 860 g -cal = 367 1 kg -m 
= 3 413 Btu = 0 001341 hp-hr 

1 hp.-hr. — 2,684,000 joules = 1 980,000 ft -lb = 273,700 kg -cm = 
745 6 watt-hr 


1 mg = 

lgr. 

lg 

1 oz (av ) = 

(av ) 

11b (av) 
kg 

1 kg = 

1 ton (short) = 
0 8928 ton (long) 

1 ton (long) = 
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1 kw.-hr. = 2,655,000 ft.-lb. - 367,100 kg.-m - 1 36 hp -hr. (metric) 
= 1 34 hp -hr 

6. Power 

1 g.-cm. per sec. » 0 00009806 watt 

1 ft.-lb. per min. = 0 02260 watt = 0 00003072 hp (metric) = 
0 00000303 hp 

1 watt = 44 26 ft -lb per nun = 6 119 kg -m per min = 0 001 kw. = 
0 001341 hp * 0 001 kw 

lhp. = 33,000 ft -lb per mm = 745 6 watts = 550 ft -lb per sec. = 
76 04 kg-m per sec = 1 01387 hp (metric) 

1 kw. = 44,256 7 ft -lb per mm = 101 979 kg-m per sec = 1 3597 
hp (metric) = 1 341 hp = 1,000 watts 

7. Resistivity 

1 ohm per cir. mil-ft. — 0 7854 ohm per sq mil-ft = 0 001662 ohm 
per sq mm -m = 0 0000001657 ohm per cu cm = 0 00000006524 ohm 
per cu in 

1 ohm per sq. mil-ft. = 1 273 ohms per cir mil-ft = 0 002117 ohm per 
sq. mm -m = 0 0000002116 ohm per c u an = 0 00000008335 ohm pei 
cu, in 

1 ohm per cu. in. = 15,280,000 ohms per (lr mil-ft = 12,000,000 ohms 
per sq mil-ft = 25,400 ohms per sq mm -m = 2 54 ohms per cu cm 

8. Current Density 

1 amp. per sq. in. = 0 7851 amp per ni mil = 0 155 amp per sq 
cm. * 1,273,000 cir mils per amp = 0 000001 amp per sq mil 

1 amp. per sq. cm. = 6 45 amp persq in = 197,000 cir mils per amp 

1,000 cir. mils per amp. = 1,273 amp per sq in 

1,000 sq. mils per amp. = 1,000 amp per sq in. 
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9. Fractions of Inch Reduced to Decimal Equivalents 


Halves 

1 

8ths 

16ths 

-3 

<N 

W 

64ths 

Decimal 

equivalents 

Halves 

4ths 

A 

00 

16ths 

32ds 

£ 

■*» 

$ 

Decimal 

equivalents 






Ve\ 

0.015625 






*Ha 

0.515625 





Hi 


0.03125 





l Hi 


0.53125 




l ir, 


Ha 

0.046875 

0.0625 




he 



0.546875 

0.5625 






Ha 

0.078125 





*H 4 

0.578125 





H 2 


0.09375 





l %2 


0.59375 





.... 

Ha 

0.109375 






*%4 

0.609375 



»x 




0.125 


.. 





0.625 






%A 

0.140625 






4 Ha 

0.640625 





5 3 2 


0.15625 





2 ^3 2 


0.65625 




He 


x Ha 

0.171875 

0.1875 




1 1 1 6 


4 Ha 

0.671875 

0.6875 



• • 

. . . . 

x Ha 

0.203125 






4 H 4 

0.703125 





J 3 2 


0.21875 





2 ^8 2 


0.71875 






x Ha 

0.234375 






4 Ha 

0.734375 


>4 





0.25 


/A 



.... 


0.75 






x Ha 

0.265625 






4 Ha 

0.765625 





^32 


0.28125 





2 ?3 2 


0.78125 






x Ha 

0.296875 

0.3125 






*h 4 

0.796875 

0.8125 






V*a\ 

0.328125 






8 5<4 

0.828125 





1 i 3 2 


0.34375 


1 •• 



2 j'3 2 


0.84375 



3 '8 1 



' 2 Hdj 

0.359375 

0.375 


1 •• 

7 h 

_ _ 


5fi 64 

0.859375 

0.875 



I 



2 :^r 4 

0.390625 

0.40625 




! 

i::: 

2 H 2 

5 ^4 

0.890625 

0.90625 




he 


27 dU 

0.421875 

0.4375 


1 


i 

l5 16 


S %4 

0.921875 

0.9375 






2 %4 

0.453125 | 



j 



6 Ha 

0.953125 


. . 1 



>?*» 


0.46875 





S >32 


0.96875 

>2 

1 




8 Vb4 

0.484375 

0.5 

l 

1 

1 



*Ha 

0.984375 
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10. Natural Trigonometric Functions 


Angle 
(6 or lag 
angle), 
deg. 

Sine (or 
reactive 
factor) 

Cosine (or 
power 
factor) 

Tangent 

0 

0.00000 

1.00000 

0.00000 

1 

0.01774 

0.99985 

0.01745 

2 

0.03490 

0.99939 

0.03492 

3 

0.05234 

0.99863 

0.05241 

4 

0.0C976 

0.99756 

0.06993 

5 

0.08715 

0.99619 

0.08749 

6 

0.10453 

0.99452 

0.10510 

7 

0.12187 

0.99255 

0.12278 

8 

0.13917 

0.99027 

0.14054 

9 

0.15643 

0.98769 

0.15838 

10 

0.17365 

0.98481 

0.17633 

11 

0.19081 

0.98163 

0.19438 

12 

0.20791 

0.97815 

0.21256 

13 

0.22495 

0.97437 

0.23087 

14 

0.24192 

0.97029 

0.24933 

15 

0.25882 

0.96592 

0.26795 

16 

0.27564 

0.96126 

0.28674 

17 

0.29237 

0.95630 

0.30573 

18 

0.30902 

0.95106 

0.32492 

19 

0.32557 

0.94552 

0.34433 

20 

0.34203 

0.93969 

0.36397 

21 

0.35837 

0.93358 

0.38386 

22 

0.37461 

0.92718 

0.40403 

23 

0.39073 

0.92050 

0.42447 

24 

0.40674 

0.91354 

0.44523 

25 

0.42262 

0.90631 

0.46631 

26 

0.43837 

0.89879 

0.48773 

27 

0.45399 

0.89101 

0.50952 

28 

0.46947 

0.88295 

0.53171 

29 

0.48481 

0.87462 

0.55431 

30 

0.50000 

0.86603 

0.57735 

31 

0.51504 

0.85717 

0.60086 

32 

0.52992 

0.84805 

0.62487 

33 

0.54464 

0.83867 

0.64941 

34 

0.55919 

0.82904 

0.67451 

• 35 

0.57358 

0.81915 

0.70021 

36 

0.58778 

0.80902 

0.72654 

37 

l 0.60181 

0.79863 

0.75355 

38 

I 0.61566 

0.78801 

0.78128 

39 

0.62932 

0.77715 

0.80978 

40 

| 0.64279 

0.76604 

0.83910 

41 

0.65606 

0.75741 

0.86929 

42 

0.66913 

0.74314 

0.90040 

43 

0.68200 

0.73135 

0.93251 

44 

0.69466 

0.71934 

t 0.96569 

43 

0.70711 

0.70711 

; 1.0000 

46 

0.71934 

0.69466 

1.0355 

47 

0.73135 

0.68200 

I 1.0724 

48 

0.74314 

0.66913 

j 1.1106 

49 

0.75471 

0.65606 

1.1504 

50 

0.76604 

0.64279 

| 1.1917 

1 


Co¬ 

tangent 

i 

1 

Secant 

Cosecant 

Angle 
( 6 or lag 
angle), 
deg. 

Infinite 

1.00(1* 

Infinite 

180 

57.290 

1.0001 

57.299 

179 

28.636 

1.0006 

28.654 

178 

19.081 

1.0014 

19.107 

177 

14.301 

1.0024 

14.335 

176 

11.430 

1.0038 

11.474 j 

175 

9.5144 

1.0055 

9.5668 

174 

| 8.1443 

1.0075 

8.2055 

173 

7.1154 

1.0098 

7.1853 

172 

6.3137 

1.0125 

6.3924 

171 

5.6713 

1.0154 

5.7588 

170 

5.1445 

1.0187 

5.2408 

169 

4.7046 

1.0223 

4.8097 

168 

4.3315 

1.0263 

4 4454 

167 

4.0108 

1.0306 

4 1336 

166 

3.7320 

1.0353 

3.8637 

165 

3.4874 

1.0403 

3.6279 

164 

3.2708 

1.0457 

3.4203 

163 

3.0777 

1.0515 

3.2361 

162 

2.9042 

1.0576 

3.0715 

161 

2.7475 

1.0642 

2.9238 

160 

2.6051 

1 0711 

2.7904 

159 

2.4751 

1.0785 

2.6695 

> 158 

2.3558 

J.0864 

2.5593 

157 

2.2460 

1.0946 

| 2.4586 

156 

2.1445 

1.1034 

2.3662 

155 

2.0503 

1.1126 

2.2812 

154 

1.9626 

1.1223 

2.2027 

1 153 

1.8807 

1.1326 

2.1300 

152 

1.8040 

1.1433 

2.0627 

151 

1.7320 

1.1547 

2.0000 

150 

1.6643 

1.1666 

1.9416 

149 

1.6003 

1.1792 

1.8871 

148 

1.5399 

1.1924 

1.8361 

147 

1.4826 

1.2062 

1 1.7883 

146 

1.4281 

1.2208 

| 1.7434 

145 

1.3764 

! 1.2361 

1.7013 

144 

1.3270 

1.2521 

1.6616 

143 

1.2799 

1.2690 

1.6243 

142 

1.2349 

1.2867 

l.5890 

141 

1.1917 

1.3054 

1.5557 

140 

1.1504 

1.3250 

1.5242 

139 

1.1106 

1.3456 

1.4945 

138 

1.0724 

1.3673 

1.4663 

137 

1.0355 

1.3902 

1.4395 

136 

1.0000 

1.4142 

1.4142 

135 

0.96569 

1.4395 

1.3902 

134 

0.93251 

1.4663 

1.3673 

133 

0.90040 

1.4945 

1.3456 

132 

0.86929 

1.5242 

1.3250 

131 

0.83910 

1.5557 

1.3054 

130 
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Natural Trigonometric Functions ( Continued ) 


Angle 
(0 or lag 
angle), 
deg. 

Sine (or 
reactive 
factor) 

Cosine (or 
power 
fuctor) 

Tangent 

' 

Co¬ 

tangent 

Secant 

Cosecant 

Angle 
(6 or lag 

1 angle), 
deg. 

51 

0.77715 

0.62932 

1.2349 

0.80978 

1.5890 

1.2867 

129 

52 

0.78801 

0.61566 

1.2799 

0.78128 

1.6243 

1.2690 

128 

53 

0.79863 

0.60181 

1.3270 

0.75355 

1.6616 

1.2521 

127 

54 

0.80902 

0.58778 

1.3764 

0.72654 

1.7013 

1.2361 

126 

55 

0.81915 

0.57358 

3.4281 

0.70021 

1.7434 

1.2208 

125 

56 

0.82904 

0.55919 

1.4826 

0.67451 

1.7883 

1.2062 

124 

57 

0.83867 

0.54464 

1.5399 

0.64941 

1.8361 

1.1922 

123 

58 

0.84805 

0.52992 

1.6003 

0.62487 

1.8871 

1.1792 

122 

59 

0.85717 

0.51504 

1.6643 

0.60086 

1.9416 

1.1666 

121 

60 

0.80603 

0.50000 

1.7320 

0.57735 

2.0000 

1.1547 

120 

61 

0.87462 

0.48481 

3.8040 

0.55431 

2.0627 

1.1433 

119 

62 

0.88295 

0.46947 

1.8807 

0.53171 

2.1300 

1.1326 

118 

63 

0.89101 

0.45399 

1.9626 

0.50952 

2.2027 

1.1223 

117 

64 

0.89879 

0.43837 

2.0503 | 

0.48773 

2.2812 

1.1126 

116 

65 

0.90631 

0.42262 

2.1445 

0.46631 

2.3662 

1.1034 

115 

66 

0.91354 

0.40674 

2.2460 

0.44523 

2.4586 

1.0946 

114 

67 

0.92050 

0.39073 

2.3558 

0.42447 

2.5593 

1.0864 

113 

68 

0.92718 

0.37461 

2.4751 

0.40403 

2.6695 

1.0785 

112 

69 

0.93358 

0.35837 

2.6051 

0.38386 

2.7904 

1.0711 

111 

70 

0.93969 

0.34202 

2.7475 

0.36397 

2.9238 

1.0642 

110 

71 

0.94552 

0.32557 

2.9042 

0.34433 

3.0715 

1.0576 

109 

72 j 

0.95106 

0.30902 

3.0777 

0.32492 

3.2361 

1.0515 

108 

73 

0.95630 

0.29237 

3.2708 

0.30573 

3.4203 

1.0457 

107 

74 | 

0.96126 

0.27564 

3.4874 

0.28647 

3.62V9 

1.0403 

106 

75 

0.96592 

0.25882 

3.7320 

0.26795 

3.8637 

1.0353 

105 

76 

0.97029 

0.24192 

4.0108 

0.24933 

4.1336 

1.0306 

104 

77 

0.97437 1 

0.22495 

4 3315 

r 0.23087 

4.4454 

1.0263 

103 

78 

0.97815 

0.20791 

4.7046 

0.21256 

4.8097 

1.0223 

102 

79 

0.98163 

0.19081 

5.1445 

0.19438 

5.2408 

1.0187 

101 

80 

0.98481 

0.17365 

5.6713 

0.17633 

5.7588 

1.0154 

100 

81 

0.98769 

0.15643 

6.3137 

0.15838 

6.3924 

1.0125 

99 

82 ! 

0.99027 

0.13917 

7.1154 

0.14054 

7.1853 

1.0098 

98 

83 i 

0.99255 

0.12187 

8.1443 

0.12278 

8.2055 

1.0075 

97 

84 

0.99452 

0.10453 

9.5144 

0.10510 

9.5668 

1.0055 

96 

85 | 

0.99619 

0.08715 

11.430 

0.08749 

11.474 

1.0038 

95 

86 

0.99756 

0.06976 

14.301 

0.06993 

14.335 

1.0024 

94 

87 

0.99863 

0.05234 

19.081 

0.05241 

19.107 

1.0014 

93 

88 

0.99939 

0.03490 

28.634 

0.03492 

28.654 

1.0006 

92 

89 

0.99985 

0 01715 

57.290 

0.01745 

57.299 

1.0001 

91 

90 

l.00000 

0.00000 

Infinite 

0.00000 

Infinite 

1.0000 

90 


11. In figuring discounts on electrical equipment, it is often necessary 
to apply primary and secondary discounts. By using the values in 
Table 12, time and labor may be conserved. To find net price, multiply 
the list or gross price by the multiplier from the table which corresponds 
to the discounts. 


Example .—The discount on iron conduit may be quoted as 25 and 10 with 2 per cent 
for cash in 10 days. To obtain the actual cost, 25 per cent would be deducted from the 
list price, then 10 per cent from that result and finally 2 per cent from the second result. 
Assuming that the list price of ^-in. conduit is $12 per 100 ft.,*its actual price with the 
25, 10, and 2 per cent discounts would be: 
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$12 minus 0.25 X $12 = $12 -S3 = $9 

$9,00 minus 0.10 X $9.00 = $9.00 - $0.90 = $8.10 

$8.10 minus 0.02 X $8.10= $8.10 - $0.16 = $7.94 

Therefore, the net cost of the conduit would he $7.94 per 100 ft. Now by using the 
multiplier (from Table 12) corresponding to a primary discount of 25 per cent and 
secondary discounts of 10 and 2 per cent, which is 0.661, 

$12.00 X 0.661 - $7.94 

This is the same result as that obtained by using the longer method. 


12. Table for Figuring Total Discount Multiplier by Combining Primary 
and Secondary Discounts 


Primary 
discount, 
per cent 

Secondary discounts 

2% 

5'i 

lO'c 

15 

5 and 2 % 

10 and 2 

10 and 5' c 




Multiplier 




0 

0.980 

0.950 

0.900 

0 850 

0.931 

0.882 

0.855 

5 

0.931 

0.902 

0.855 

0.807 

0.884 

0.838 

0.812 

10 

0.882 

0.855 

0.810 

0 765 

0.838 

0.794 

0.769 

11 

0.872 

0.845 

0.801 

0.756 

0.829 

0.785 

0.761 

12 

0.862 

0.836 

0.792 

0.748 

0.819 

0.776 

0.752 

13 

0.853 

0.826 

0.783 

0.740 

0.810 

0.767 

0.744 

14 

0.843 

0.817 

0.774 

0.731 

0.801 

0.758 

0.735 

15 

0.833 

0.807 

0.765 

0.722 

0.791 

0.750 

0.727 

16 

0.823 

0.798 

0.756 

0.714 

0.782 


0.718 

17 

0.813 

0.788 

0.747 

0.705 

0.773 

0.732 

0.710 

18 

0.803 

0.779 

0.738 

0.697 

0.763 

0.723 

0.701 

19 

0.794 

0.770 

0.729 

0.688 


0.714 

0.692 

20 

0.784 

0.760 

0.720 

0.680 


0.705 

0.684 

25 

0.735 

0.712 

0.675 

0.638 

0.698 

0.661 

0.641 

30 

0.686 

0.665 

0.630 

0.595 

0.652 

0.617 

0.598 

35 

0.637 

0.617 

0.585 

0.552 

0.605 

0.573 

0.556 

40 

0.588 

0.570 

0.540 

0.510 


0.529 

0.513 

45 

0.539 

0.522 

0.495 

0.468 


0.485 

0.470 

50 

0.490 

0.475 

0.450 

0.425 

0.465 

0.441 

0.428 

55 

0.441 


0.405 

0.382 

0.419 

0.397 

0.385 

60 


0.380 

0.360 

0.340 

0.372 

0.353 

0.342 

65 


0.333 

0.315 

0.298 

0.326 

0.309 

0.299 

70 

0.294 

0.285 

0.270 

0.255 

0.279 

0.265 

0.256 
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13. Multipliers for Computing Selling Prices Which Will Afford a Given 
Percentage Profit 



To obtain selling price 


To obtain selling price 


multiply actual cost 


multiply actual cost 


(invoice cost 4- freight) 


(invoice cost -f- freight) 


by the following value 


by the following value 

Percentage 



Percentage 



profit 



u * 








desired 



desired 




When pc i 

When pc r 


When per 

When per 


centage profit 

| entage piofit 


it ntage piofit 

tentage profit 


is based m 

is based on 


is based on 

is based on 


cost 

| 

selling price 

l | 

| 

tost 

st 1 ling price 

' 

5 

1 0) 

1 1 

1 0>1 

1 

3C 

1 30 

1 o03 

0 

1 00 

1 004 

17 

1 37 , 

| 1 588 

7 

1 07 

1 07 > 

38 

1 38 1 

1 613 

8 

1 08 | 

| 1 087 

39 

1 39 

1 040 

9 

1 09 

! 1 100 

40 

1 40 

1 667 

10 

1 10 

1 1 111 

41 

1 41 

1 09> 

11 

1 11 

1 124 

42 

1 42 j 

1 725 

12 

1 12 

1 1 130 

43 

1 43 

1 7o4 

13 

1 13 

1 149 

4 » 

1 45 

1 818 

14 

1 14 j 

| 1 101 

1 40 

1 40 

1 852 

15 

1 1> 

1 17# 

1 47 

1 47 

1 887 

10 

1 10 

1 190 I 

4X 

1 48 

1 923 

17 

1 17 

1 204 1 

49 

1 49 

1 901 

18 

1 1 18 

1 220 

>0 

1 >0 

2 000 

19 

1 19 

1 23> 

>2 

! 1 >2 

2 084 

20 

1 20 

1 2 >0 

)4 

1 1 >4 

2 174 

21 

1 21 

1 207 

50 

1 50 

2 272 

22 

1 22 

1 281 

>8 

| 1 58 

2 381 

23 

1 23 

1 299 

00 

! 1 00 

2 500 

24 

1 24 

1 310 

02 

1 02 

2 031 

25 

1 25 

1 314 1 

04 ! 

1 04 

2 778 

20 

1 20 

1 1)2 

00 

1 00 

2 941 

27 

1 27 

1 370 

08 

1 08 

3 120 

28 

1 28 

1 390 

70 

1 70 

3 333 

29 

1 29 

1 409 

72 

1 72 

3 572 

30 

1 10 

1 429 

74 

1 74 

3 847 

31 

1 31 

1 450 

1 

70 

1 76 

4 168 

32 

1 12 

1 471 

78 

1 78 

4 545 

33 

1 33 

1 491 

80 

1 80 

5 000 

34 

1 34 

1 510 

90 

1 90 

10 000 

35 

1 35 

1 539 

100 

2 00 

Infinity 
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14. Table Showing Percentage Net Profit 


Percent- 

I Percentage overhead 

age 

markup 

above 

| 10% 

| 12% | 

14% | 

16% | 

18% | 

20% | 

| 22 % | 

24% 

j Percentage net profit based oil selling price for a given percentage 

cost 



overhead based on gross sales 



10 

— 0.90 

-2.90 

-4.90 

-6.90 

-8.90 

-10.90 

-12.90 

-14.90 

15 

3.05 

1.05 

-0.95 

-2.95 

-4.95 

-6.95 

-8.95 

-10.95 

20 

6.67 

4.67 

2.67 

0.67 

-1.33 

-3.33 

-5.33 

-7.33 

25 

10.00 

8.00 

6.00 

4.00 

2.00 

0.00 

-2.00 

-4.00 

30 

13.08 

11.08 

9.08 

7.08 

5.08 

3.08 

1.08 

-0.92 

mi 

15.00 

13.00 

11.00 

9.00 

7.00 

5.00 

3.00 

1.00 

35 

15.93 

13.93 

11.93 

9.93 

7.93 

3.93 

3.93 

1.93 

40 

18.57 

16.57 

14.57 

12.57 

10.57 

8.57 

6.57 

4.57 

45 

21.00 

19.00 

17.00 j 

! 15.00 

13 00 

11.00 

9.00 

7.00 

50 

23.33 

21.33 

19.33 

17.33 

13.33 

13.33 j 

11.33 

9.33 

55 

25.50 

23.50 

21.50 

19.50 

17.50 

15.50 

13.50 

11.50 

60 

27.50 

25.50 

23.50 

21.50 

19.50 

17.30 

15.50 

13.50 

65 

29.40 

27.40 

25.40 

23.40 

21.40 

19.40 

17.40 

15.40 

70 

31.18 

29.18 

27.18 

25.18 

23.18 

21.18 

19.18 

17.18 

75 

32.85 

30.85 

28.85 

26.85 

24.85 

22.85 

20.85 

18.85 

80 

34.45 

32.45 

30.45 

28.45 

26.45 

24.45 j 

22.45 

20.45 

85 

35.95 

33.95 

31.95 

29.95 

27.95 

25.95 1 

23.95 

21.95 

90 

37.37 

35.37 

33.37 

31.37 

29.37 

27.37 

25.37 

23.37 

95 

38.72 

30.72 

34.72 

32.72 

30.72 

28.72 

26.72 

24 72 

100 

40.00 

38.00 , 

\ 30.00 | 

i 34 00 

32.00 

30.00 i 

28.00 

26.00 


Note.— Minus ( —) values indicate a net loss. 


16. Net Profits.—In figuring the net profit of doing business, Table 14 
will be found to be very useful. The table may be used in three ways as 
explained below. 

To Determine the Percentage of Net Profit on Sales That 
One Is Making.— Locate, at the top of one of the vertical columns, your 
percentage overhead—your “cost of doing business** in percentage of 
gross sales. Locate, at the extreme left of one of the horizontal columns, 
your percentage markup. The value at the intersection of these two 
columns will be the percentage profit which you are making. 

Example .—If your coat of doing business is 18 per cent of your gross wales and you 
mark your goods at 35 per cent above cost, your net profit is then 7.93 per cent of gross 
Bales, obtained by carrying down from the column headed 18 per cent and actoss from 
the 35 per cent markup. 

To Determine What Percentage Overhead Cost of Doing 
Business Would Yield a Certain Net Profit for a Given Markup 
Percentage.— Locate in the extreme left-hand column the percentage 
that the selling price is marked above the cost price. Trace horizontally 
across from this value until the percentage net profit desired is located. 
At the top of the column in which the desired net profit is located will be 
found the percentage overhead cost of doing business that will allow this 
profit to be made. 
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Example .—If the markup is 45 pel cent and the profit desiied is 15 per cent, an over¬ 
head cost of doing business of 16 per cent can be allowed, obtained by canying across 
from the 45 per cent markup to the 15 per cent profit and finding that this column is 
headed by 16 per oent overhead. 

To Determine What Percentage Should Be Added to the Cost 
of Goods in Order to Make a Certain Percentage Net Profit on 
Sales. —Select the vertical column which shows the percentage cost of 
doing business at its top. Trace down the column until the desired 
percentage profit is found; from this value trace horizontally to the 
extreme left-hand column, in which will be found the markup percentage 
—the percentage which should be added to the cost to afford the desired 
profit. 

Example .—It is desired to make a 12 per cent net profit when the cost of doing busi¬ 
ness is 20 per rent of the gioss sales. Select the vertical column with 20 per cent at 
its top. Trace down the column to locate the net piofit desired of 12 per cent. This 
will he pait way between 11 00 and 18 33. Carrying across to the left from these 
values gives a lequired percentage markup between 45 and 50, or approximately 47 
per cent. 

For values which do not appear in the tabic, approximate results can 
bo obtained bv estimation from the closest values m the table If more 
accurate results are desired for these intermediate values, the following 
formulas may be used. 



/> - 100 - * - 1W» 

100 + m 

(D 


100(7’ + h) 

(2) 

or 

Vl \0Q~(P+h) 

or 

h — 100 — P — J”'™ 0 

100 -j- m 

(3) 


where m — percentage markup based on cost of goods; h = percentage 
overhead based on gross sales; P — percentage net profit based on selling 
price. 

If you sell your goods at the retail list prices set by the manufacturers, 
you can use the table bv converting the trade discount which you receive 
to an equivalent percentage markup, according to the following table: 


Manufact unis 

Equivalent Per- [ 

1 Manufact ui ei \ 

Equivalent Pei- 

Discount 

( cut age Mai kup 

Discount 

cent age Markup 

10 

11 

35 

54 

13 

17', 

40 


20 

25 

43 

81*4 

25 

33 H 

50 

100 

30 

1 43 




Intermediate values may be calculated from following formula: 

100Q 

100 - Q 


m 


(4) 
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where m = percentage markup based on cost of goods and Q = manu¬ 
facturer’s discount. 


16. Centigrade and Fahrenheit Thermometer Scales 


Deg. 

Deg. 

Deg. 

Deg. 

1 Deg. 

Deg. 

1 Deg. 

Deg. 

Deg. 

Deg. 

C. 

F. 

C. 

F. 

1 C - 

F. 

1 r - 

F. 

C. 

F. 

0 

32. 

21 

69 8 

41 

105 8 

01 

141 8 

81 

177 8 

1 

33 8 

22 

71 6 

42 

107 6 

62 

143 6 

82 

179 6 

2 

35 6 

23 

73 4 

1 43 

109 4 

63 

145 4 

83 

181 4 

3 

37 4 

24 

75.2 

44 

111 2 

64 

147.2 

84 

183 2 

4 

39.2 

25 

77. 

| 45 

113. 

03 

149. 

85 

185 

5 

41 

26 

78.8 

46 

114 8 

66 

150 8 

86 

186.8 

o 

42 8 

27 

80 6 

47 

116 6 

67 

152 6 

87 

188 6 

7 

44 6 

28 

82 4 

48 

118 4 

68 { 

154 4 

88 

190 4 

8 

46 4 

29 

84 2 

1 49 

120 2 

69 

156 2 

89 

192.2 

9 

48 2 

30 

86. 

50 

122 

70 

158. 

90 

194. 

10 

50 

31 

87 8 

5i 

123 8 

71 

159 8 

91 

195.8 

11 

51 8 

32 

89 6 

1 52 

125 6 

72 

161 6 

92 

197 6 

12 

53 6 

33 

91 4 

1 53 

127 4 

' 73 

163 4 

93 | 

199 4 

13 

55 4 

34 

93 2 

I 54 

129 2 

i 74 

165 2 

94 

201 2 

14 

57.2 

35 

95. 

55 

131 

75 

167. 

95 

203 

15 

59 

36 

96 8 

1 

j 56 

132 8 

76 

168 8 

96 

204 8 

16 

60 8 

37 

98 6 

57 

134 6 

77 

170 6 

97 

206 6 

17 

62 6 

38 

100 4 

1 58 

136 4 | 

78 

172 4 

98 

208 4 

18 

04 4 

39 

102 2 

1 ' ,q 

138 2 1 

79 

174 2 

99 

210 2 

19 

66 2 

40 

104 ! 

1 

140 | 

80 

176 

1 loo I 

212 

20 

68 




1 






For values not appearing in the table use the following formulas: 

Temp. C. = % X (Temp. F. - 32) (5) 

Temp. F. = (% X Temp. (\) + 32 (6) 

GRAPHICAL ELECTRICAL SYMBOLS 

17. Standard Graphical Electrical Symbols.—In Secs. 18 to 20 are 

reproduced the standard graphical symbols of the American Institute of 
Electrical Engineers for one-line and complete diagrams of electrical 
power apparatus and associated equipment. These symbols are intended 
for use on maps, connection diagrams, and system wiring diagrams for 
electrical power apparatus in power houses, substations, transmission 
and distribution systems. These standards were approved by the Board 
of Directors, A.I.E.E., on May 20, 1932 and by the American Standards 
Association on Sept. 1, 1933. Frequently it is desirable to add abbrevi¬ 
ated descriptive notes adjacent to the symbol on the diagram in which 
it is used. In the following tables, under Optional Notes, are given the 
standardizing committee’s suggested lists of such notes for various types 
of equipment. 
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18. Symbols for Instruments and Relays 


Instruments 

One line 0 

Relays 

One line*.* 

1. Indicating instrument 

(basic symbol). 

<*•© 

19. Relays (basic symbol). 

( d ) ( e ) (r) 

2. Graphic instrument (basic 



, j 

21. Overvoltage. 










© 

© 

22. Overpower. 

♦w* 

4. Ammeter. 









24. Undervoltage. 

>—Y-< 

<». Generator voltage regula- 

© 


>-W-< 

tor. 


7. Ground detector. 

, © 

20. Power directional. 


8. Power-factor meter. 

, © 

27. Distance or impedance, 


9. Reactive volt-ampere 

meter. 

© 

28. Distance or impedance, 
directional. 

10. Maximum demand meter. . 

© 

29. Different current. 

11. Watthour meter. 

© 

30. Differential power.... 

-*♦» 

12. Wattmeter. 

© 

31. Pilot wire. 




13. Synchroscope. 

© 

© 

32. Temperature. 


14. Voltmeter. 

33. Phase balance current. 


15. Contact-making volt¬ 
meter . 

© 

34. For ground relay appli¬ 
cation add ground 
symbol to relay sym¬ 
bol, thus. 


10. Ammeter switch. 

' (0 A.Sw. 
V.Sw. 


17. Voltmeter switch.! 

4-tl» 

18. Voltmeter receptacle.| 

V.Rec. 


r 

Relay Time Designations 
(When necessary to establish time functions 
use the following in addition to function 
designations) 

® For complete symbol show outline ap¬ 
proximating that of rear view of actual 
device and indicate terminals in actual rela¬ 
tive location, current terminals by open cir¬ 
cles and potential terminals by solid circles. 
Scale ranceand tvne number mav be marked 

35. Instantaneous (no time 


adjacent to symbol, if desired. 

© 

36. Inverse time delay. ... 

37. Definite time delay. . . j 

I.T. 

D.T. 


h Letter within circle indicates type of instrument if but one is used. If more than 
one instrument is used "I” appears within the circle with abbreviation alongside. 
c For use adjacent to instrument symbol. 

* Relay designations appear beside the R circle. For system diagrams, current trans¬ 
former symbols may be omitted and relay designations placed beside the oil-circuit- 
breaker symbol. 

« For complete line symbol show outline approximating that of rear view of actual 
device and indicate terminals in actual relative location, current terminals by open cir¬ 
cles and potential terminals by solid circles. Tripping circuit may be identified by 
representation of contacts within outline. /g75\ 
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20. General Symbols for Maps and Connection Diagrams 


Name 


One line 


Complete 


Name 


Symbol 


Wmng Diagrams® 


Winding Connections 


1 Conductors 


2 Conductors, crossing 

• 

but not connected 

| 

d Conductois trossing 

| 

and electiK allv t on- 

H— 

nected 


4 Bus (with branches) 

~T~ 

j fon doctors with 

— I - 

branches 

1 

(» Ground ( outlet turn 

4 


* 


-71 

rz 

. . t 

tz 

"Ttl 





7. Two-phase, three- 

wire 

8. Two-phase, four-wire 

9. Three-phase delta 

(or mesh) 

10. Three-phase Y (or 

star) 

11. Three-phase Y (or 

star) with neutral 
brought out and 
grounded 

12 Three-phase zigzag 

13 Three-phase T 

14 Six-phase double¬ 

delta 

1 3 Six-phase hexagonal 
(or choidal) 

1(> Six-phase diametri¬ 
cal (or star) 

17 Six phase dianietri- 
cd (or s*ir) with 
neutral brought out 
and grounded 


L 

+ 

A 

r 

'r> 

JL 

$ 

o 

* 



18 Generating station 

CD 


19 Substation 

□ 


20 One or more circuits 



o\ erhead 



21 One or more circuits 



underground 



22 Overhead line on 



pole 

-0- 


23 Overlie id line on 



tower 

—a— 


24 Street lamp 

-M- 


Maps' 


« Tho thickness of the line varies according to the importance of the circuits, com¬ 
pare “Conductors” with “Bus ” for example 

fc On maps and connection diagrams when required, show additional information, 
such as Type of station—steam, hydro, or diesel, description of circuits—number of con* 
ductors sue, voltage, and frequency, and type of supporting structure—steel tower, 
steel pole, strain tower, and height. 
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PRINCIPLES OF ELECTRICITY AND MAGNETISM—UNT^S 

21. Magnets and Magnetism. —Any body which has the ability to 
attract iron or steel is called a magnet. The attractive ability of such a 
body is called magnetism. Certain specimens of iron ore sometimes 
possess the property when they are taken from the earth. Such natural 

specimens will attract and hold iron filings and are 
7 called natural magnets or loadstones. The attrac- 

1 ‘ , | J p tion for the filings will be greatest at two ends as il- 

F * 1 L ^ Fistrated “i Fig. 1. The two ends that have the 

ston^* withT iron g rcatc8 t attraction for the iron filings are called the 
fili ng8 . poles of the magnet. If a natural magnet were sus¬ 

pended by a string from its center so that it were free 
to turn, it would be found that the magnet would turn until the axis 
through its poles is lying north and south. The end or pole which is 
pointing north is called the north pole of the magnet, and the other end or 
pole, which is pointing south, is called the south pole. 

It is possible by certain means discussed in Sec 24 to produce artificial 
magnets, i.e., to magnetize a piece of iron or steel that did not originally 
in its natural state possess the property of 
magnetism. Artificial magn ets are of two s-'Z - - - - 

types (1) temporary and (2) permanent. / / - N x\ 
Temporary magnets are those which 'will v l< 'V/ / 
hold their magnetism only as long as the 

magnetizing force is maintained. Per- ^ _ 

manent magnets are those which will hold ' ' 

their magnetism after the magnetizing V \\N' 
force has been removed and continue to 

he magnets for a long period of time un- Fiq 2 .—Aran'Jment of iron 
less they are demagnetized by some means filings around a magnet, 
such as by being jarred or heated. 

Any material that can be magnetized or that is attracted by a magnet 
is called a magnetic material. 

22. Magnetic Field.—The region around a magnet has peculiar proper* 
ties that exist only as long as the magnet is present. This property of 
the region around a magnet is that there will be a force exerted upon any 
piece of magnetic material if it is placed in the space in proximity to 
the magnet. This property or condition of the space around a magnet is 
called a magnetic field. If a magnet is covered with a sheet of pgpjgt’ 
sprinkled with iron filings, the filings will arrange themselves in definite 
curves extending from pole to pole, as shown^in Fig. 2. The direction 
taken by the filings shows the direction of the magnetic field, the 
direction of the force exerted upon a magnetic material if placed In the 
region around the magnet. The presence of this property (magnetic 
field) in the space around a magnet can also be demonstrated by means 


, / ' / >> --- \\ M 

\ li 1 * — — —- - ~^ \ s \ t j \} 


Fig. 2. —Arrangement of iron 
filings around a magnet. 
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of a compass needle. A compass needle is a small; light magnet Ex¬ 
pended so that it can turn freely. If a compass needle placed in the 
region around a magnet, it will turn into a definite position, thereby 
demonstrating that there is a force acting upon a magnetic material 
placed in the region around a magnet. The magnitude or strength of 
the magnetic field, i.e., the magnitude of the force exerted upon a mag¬ 
netic material in the space around a magnet, will be different at different 
points. The field will be strongest at the poles. 

The direction ofjygggnetic field at any point is the direction in which 
a force is exerted upon the north pole of a compass needle if placed at 
that point in the field. It will be the direction in which the north pole 
end of the axis of the compass needle points. 

23. Magnetic Flux.—The magnetic field 
of a magnet may be depicted by curved 
lines from the north to the south pole as 
shown in Fig. 3. Arrows placed on the 
lines, which are picturing the condition in 
the space, indicate the direction of the force 

'that would be exerted upon the north pole 
of a compass needle at that point. The 
density with which the lines are drawn 
represent the magnitude of the field, ?.r., 

the magnitude of the foree that would be F '"- Lines of magnetic 
, ,. , , , . , fiux around a bar magnet, 

everted upon a magnetic material placed at 

that point in the field. These lines, which picture the condition in the 
space around a magnet, are called lines of magnetic flux or simply mag¬ 
netic flux. 

24. Methods of Producing Artificial Magnets.—A magnetic material 
can be magnetized to a certain degree by stroking it with a permanent 
magnet or by placing it in the field of another magnet. Either of these 
means will normally produce only relatively weak magnets. The general 

^method of magnetizing a material or of producing a magnetic field is by 
means of passing an electric current through a coil of w r ire (see Secs. 68 
and 69). 

26. The electron theory states that all matter is made of electricity.— 

Matter is anything which has weight and occupies space; see the author’s 
“Practical Electricity.” Ail matter is made up of molecules, of which 
there are millions of different kinds. Molecules are made up of atoms, 
of which there Are but 92 different kinds. That is, there are but 92 
elements now known. All atoms are believed to be composed of electrons 
which are minute particles of negative efectricity which are, normally, 
held in place in each atom by a positively charged, electrical something 
Svhich has been named the nucleus. 

Nora.—The electrons thus interlocked in the atoms are, it is believed, constantly 
Involving at great speeds in regulai circular orbits around the positive nuclei. In this, 
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they may be thought of as resembling the eight satellites which rotate about the planet 
Saturn. In a normal atom the amount of negative electricity of the electrons is exactly 
neutralised by an equal amount of opposite or positive electricity of the nucleus. Thus 
a normal atom exhibits no external sign of electrification. 

26. The different kinds of atoms (the atoms of the different elements) 
differ only in the number of and the arrangement of the electrons and 
in the magnitude of the positive nuclei which compose them. The 
lighter elements have few electrons; the heavier elements many. A 
normal atom of any given element always has the same number of elec¬ 
trons and a positive nucleus of the same magnitude. 

Examples .—An atom of hydrogen, the lightest element, it is believed, consists of one 
electron and a corresponding positive nucleus. An atom of uranium, the heaviest 
element, has probably 92 electrons and a correspondingly greater positive nucleus. 


27. Thus everything about us, all matter, is composed of electricity.— 

The electrons can, under certain circumstances, be forced from the atoms. 
The positive nuclei, so it is believed, cannot be moved from the atom. 
Electrical phenomena occur when some of this electricity (electrons) is 
moved or when the electrical balance which normally obtains within the 
atoms is disturbed. 

28. Electrons are exceedingly small.—It is estimated that each 
lias a diameter of about a thirteen million millionth of an inch 


( _I_ 

\ 12,700,000,000,000 



An electron weighs about one forty-six billion 


billion billionth of an ounce 


( 46 ,100,000,000,(X)0,000,000,000,000,000 OZ ') 

or about a seventeen hundredth O 1700 ) as much as does an atom of 
hydrogen. 

29. Electricity cannot be generated.—It is evident that there is in the 
universe a certain definite amount of electricity. Electricity can neither 
be created nor destroyed. It can, however, be forced to rmAe (Fig. 13) 
and thus transmit power or produce electrical phenomena. Electrical 
energy (not electricity) can be generated by forcing electrons to move in 
certain paths (conductors) wherein it is desired that they should move. 

30. An e.m.f. is the name which has been given to that tendency or 
force—measured in volts—which makes electrons move or tends to do so. 
Thus, if an e.m.f. is impressed across the two ends of a wire, it will force 
the electrons of the atoms which compose the wire to move from atom 
to atom, in the direction of the e.m.f., along through the wire, assuming, 
of course, that a closed conducting path is provided. A lightning flash 
is merely a movement of electrons between the atoms of the atmosphere 
caused by*an e.m.f. or voltage existing between the clouds and the earth. 

31. An electric current—measured in amperes—consists of a move¬ 
ment or flow of electrons. Thus the thing which we call an electric 
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current is merely a shifting of these electrons from atom to atom If an 
electric current flows m a wire or in anything else, there is then a flow of 
electrons in that wire or thing Whenever there is a movement of 
electrons there is an electric current 
32. Electric currents may be divided into two general classes (1) direct 
currents, (2) alternating currents 



Fig 4—Hydrmlic analogy to dm<t-cunent generator and circuit 


33. A direct current is one which flows always in the same direction. 
A direct electric current is analogous to the hydraulic current which 
would be produced in a pipe circuit (Fig. 4) by a centrifugal pump which 
causes the fluid to flow always in the same direction through the pipe. 

34. An alternating current is one the direction of which is reversed at 
regular intervals. An alternating electric current is analogous to the 
fluid current which would lie circulated in a hydraulic circuit (Fig. 5) 



Pump ano! Pipe o/re 
Full of Water 


Reciprocating 

Pump 


Water Flow Alternates 
in Direction with Each— 
Reversal of Pump 


Hyolraulk Circuit 


I 

i 


Fig. 5.—Hydraulic analogy to al tern at mg-eui rent generator and circuit. 


by a valveless reciprocating pump. At each half revolution the pump 
would reverse the direction of the current. 

35. Further classifications of direct currents are (1) continuous cur¬ 
rents, which are steady, non pulsating, direct currents; (2) constant cur¬ 
rents, which continue to flow for a considerable time in the same direction 
and with unvarying intensity; (3) pulsating currents, which are regularly 
varying'continuous currents. 

36. The coulomb is the name which has been given to the unit of 
quantity of electricity. It is somewhat analogous to our unit of quantity 
of water—the gallon. A coulomb of electricity, so calculations show, 
comprises approximately five million million million electrons. How¬ 
ever, it is rate of flow, which is measured in amperes, that is of importance 
to the electrician rather than the total quantity of electricity which 
flows. Hence, the unit coulomb is almost never directly used in practical 

W^rlr 
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37. The ampere is the name which has been given to the practical unit 
of rate of flow of electricity, and it is analogous to “gallons per minute” 
in hydraulics. The ampere represents a rate of flow of 1 coulomb per 
second. That is, it is equivalent to a flow of five million million million 
electrons per second. It has been internationally agreed (recommended 
by the Chicago International Electrical Congress of 1893 and legalized 
by act of Congress 1894) that the ampere shall be defined as “that 
unvarying current, which, when passed through a solution of nitrate of 
silver in water in accordance with standard specifications, deposits silver 
at the rate of one thousand one hundred and eighteen millionths (0.001118) 
of a gram per second.’* 

Note. —The flow of water in a pipe is meabured by the quantity of water which flows 
through it in a second, as 1 gul. per sec., 8 gal. per sec., etc. Similarly, the flow of 
electricity in a circuit is measured by the amount of electricity that flows through it 
in a second, as: 1 coulomb per second. 

Examples. —If 2 coulombs flow in a second, then the average rate of flow is 2 coulombs 
per second and the aveiage cuirent is 2 amp. If 20 coulombs flow per second, then the 
current is 20 amp., etc. 

Examples. —The cuirent flowing in an ordinary 40-watt incandescent Mazda lamp 
is about M amp. Series street-lighting lamps iequire from 0.0 to 20 amp. The current. 
In a telegraph wiie is appi oximately 0.04 amp. 

38. Resistance is the name which has been given to that opposition 
which is offered by the different materials of the earth to the movement 
of the electrons— i.e., to the flow of an electric current—in them. Resist¬ 
ance and its computation are further discussed in succeeding Secs. 40, 69, 
71, 73, 74, and 79 to 86. The electrons of some materials, the metals 
for example, can be moved from atom to atom within the material with 
relative ease, i.e., by the application of a small e.m.f. 

39. The materials in which the electrons can be easily moved by an 
e.m.f. from atom to atom are called conductors.—On the other hand, it is 
difficult to move, with an e.m.f., the electrons from the atoms of certain 
other materials, such as air, glass, mica, and porcelain. Such materials 
are called insulators. However, there is no perfect conductor. All 
materials offer some opposition to the establishment of a current and 
there is no material in which a current cannot be established, provided 
the impelling e.m.f. is sufficiently great. Witness again the lightning 
flash. 

40. The ohm is the name which has been given to the practical unit of 
electrical resistance. It affords a measure whereby the degree of opposi¬ 
tion of the different materials to the passage of an electric current through 
them may be measured. It has been agreed that the International Ohm 
shall be “represented by the resistance offered, to an unvarying electric 
current, by a column of mercury, at the temperature of melting ice, 
106.3 cm. long and having a cross-sectional area of 1 sq. mm.** 

Examples .—A piece of No. 14 Brown and Sharpe gage copper wire, a size sometimes 
need for branch wiring in lighting circuits, 380 ft. long has a resistance of 1 ohm. A 
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piece of No. 10 Brown and Sharpe gage copper wire 1,000 ft. long has a resistance of 
almost precisely 1 ohm. 

41. Conductance is the reciprocal of resistance. The practical unit 
is called the mho. A circuit having a resistance of 10 ohms will have a 
conductance of J^o or 0.1 mho. 

42. Conductivity.—The relative ease with which an electric current 
may be passed through a material is called its percentage conductivity. 
The conductivity of pure annealed copper is taken as the base of refer¬ 
ence, so that pure annealed copper is said to have 100 per cent conduc¬ 
tivity. Copper of 100 per cent conductivity has a resistance of 10.371 
ohms per cir. mil-ft. at 20°C. The resistance per circular mil-foot of 
any material can be found, if its percentage conductivity is known, by 
dividing 10.371 by the percentage conductivity of the material. 

43. The volt is the unit of e.m.f?.e., it is the unit whereby the tendency 
to establish electric currents may be measured. The ampere and the 
ohm having been arbitrarily defined as above, the volt may now be 
readily defined: 

By international agreement it has been decided that 1 volt shall be 
taken as that e.m.f. which will establish a current of 1 amp. through a 
resistance of 1 ohm. 

Note. — (V. Karapetoff, “The Elect lie (’iicuit.’*) Whatever the reasons which led 
originally to the choice of the magnitudes of the ampeie and the ohm, these two units 
can now be considered as two arbitrary fundamental units established by international 
agreement. They may be considered as arbitrary units in the same way as the foot 
and the pound are arbitrary units. Their values can be reproduced to a fraction of 
1 per cent, according to detailed specifications adopted by practically all civilized 
nations. Since their values have been established by international agreement they 
are called International Electrical Units. These two units (the ampere and the ohm) 
together with the foot (or inch), the second, and the degree centigrade permit the 
determination of the values of all othpr electric and magnetic quantities. Henoe, the 
present system of practical electrical units is properly called the ampere-ohm system. 

44. E.M.Fs. may be produced in the following ways: 

1. Electromagnetic induction. 

2. Heating of contact of unlike substances. 

3. Chemical action. 

4. Dielectric fields. 

5. Friction. 

6. Vibration or heating of crystals. 

45. E.M.Fs. may be produced by electromagnetic induction in the 
following three ways: 

1. By moving a conductor across a magnetic field, if the conductor 
of Fig. 6 is moved up or down so as to cut the lines of flux of the magnetic 
field between the poles of the magnet, an e.m.f. will be generated between 
the two ends of the conductor. This is the method employed for the 
production of voltage in d-c generators (see Sec. 48). 

2. By moving a magnetic field across a conductor. If in Fig. 6 the 
conductor is held stationary and the magnet is moved up or down so 
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generated by mag¬ 
netic flux. 


that the lines of flux of the magnetic field between the poles of the magnet 
will cut the conductor, an e.m.f. will be generated between the two ends 
of the conductor. This is the method employed 
for the production of voltage in most a-c genera¬ 
tors (see Sec. 141). 

3. By changing the strength of the magnetic field 
linked with a conductor. If in Fig. 7 an alter¬ 
nating electric current is passed through winding 
A, this current will set up a magnetic field through 
the iron ring. This magnetic field will be contin¬ 
ually changing in strength, owing to the changing 
magnitude of the current. There will therefore 
be a continual change in the magnetic flux linked 
with winding B. This change in the magnetic flux 
linked with B will generate a voltage between the 
two ends of winding B It is this phenomenon that makes possible the 
operation of transformers (see the division on Transformers). 

Wherever large quantities of Varying _ Magnetic 
electrical energy are required, Current “ 

the necessary e.m.f. is produced 
by one of the means of electro¬ 
magnetic induction. 

46. A Hand Rule to Deter¬ 
mine the Direction of an 
Induced E.M.F. (see Fig. 

8).—Use the right hand. Extend the thumb in the direction of the mo¬ 
tion, or of the equivalent motion, of the conductor and extend the fore¬ 
finger in the direction of the magnetic flux. Then the middle finger 
will point in the direction of the induced e.m.f. (Magnetic flux flows 
from the north (N) to the south (S) pole outside of a magnet; from 

south to north inside the magnet.) This 
rule can be remembered by associating 
the sounds of the following word groups: 
thumb—motion, forefinger—force, and 
middle finger—motive force. 

47. Elementary A-c Generator.—A 
very simple elementary a-c generator 
is shown in Fig. 9. As the conductors 
are revolved through the magnetic field, 
a voltage will be produced in each con¬ 
ductor. Considering the series circuit 



Flux 


T Emf generated 
B j by Electro -magnetic 
_i_ Induction 


Fig. 7.—Method of pioducing an e m 1. 
by electromagnetic induction. 


\ Motive Force 

d (Middle Finger) 

^(FtrsfFinger) 



Fig. 8.—Application of iight- 
hand rule. 


formed by the two conductors, the voltages produced by the two 
conductors will act to send current through the circuit in the same 
direction. The total voltage between the terminals of the machine 
will be the summation of the voltages produced by the two conductors 
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Fig 


9 —Llementary a-c gener¬ 
ator 


at that instant As long as conductor A is under the north pole and 
conductor B is under the south pole there will be a terminal voltage 
which will send current through the external circuit from C to D When 
the conductors are midway between 
poles they will not be cutting any flux, 
and no voltage will be produced As 
conductor A moves under the south pole 
and conductor B under the north polo, 
the conductors will again be cutting flux 
and there will again be voltages pro¬ 
duced in the conductors The direc¬ 
tion of these voltages will, however, be 
just opposite to the direction of the 
voltages when A was under the north 
pole and B under the south pole The terminal voltage of the machine is 
therefore periodically reversing in direction and the machine is an a-c 
generator 

48. An elementary d-c generator is shown in Fig 10 The production 

of voltage in the conductors is exactly 
the same as for the elementary a-c 
generator of Sec 47. As the conduc¬ 
tors revolve, an alternating voltage is 
produced in them In order that the 
terminal voltage may always act upon 
the external load m the same direction, 
some device must be inserted between 
the conductors and the terminals 
This device must reverse the connec- 



Fig 


10—Elementary d-c genu- 
ator 


tions of the conductors to the external circuit at the instant when the 
voltage of the conductors is zero and changing m direction Such a 
device is called a commutator 

49. The magnitude of the voltage produced by 
electromagnetic induction depends upon the rate at 
which the lines of flux are cut by the conductor 
Whenever 100 000,000 lines of flux are cut per sec¬ 
ond, 1 volt is produced The voltage pioduced is 
therefore equal to the number of lines of flux cut 
per second divided by 100,000,000 

60. Thermocouples.—If heat is applied to the 
junction of two dissimilar metals (Fig 11), an e m f 
will be gent rated The magnitude of the e m f 



E’ig 11 —E m f gen¬ 
erated by heat 


produced will depend upon the material of the metals and the differ 
ence m temperature between the hot junction and the cold ends Only 
very small voltages can be produced m this way, so that the method 
is not applicable where electrical energy of any quantity is required 
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However, this method is of great practical value for application m tem¬ 
perature measurements. 

51. E.M.Fs. Produced by Chemical Action.—Certain combinations of 
chemicals will generate e.m.fs. For instance, if a piece of zinc (Fig. 12) 
and a piece of carbon are immersed in a solution of sal ammoniac, there 
will be an e m f. produced between the zinc and the carbon. Such a 

combination is called a battery. 
If the key in Fig. 12 is closed, an 
electric current will flow and the 
bell will ring. The voltage of 
dry cells and storage batteries is 
produced in this way by chem¬ 
ical action. 

52. E.M.Fs. Produced by Di¬ 
electric Fields. —Whenever 
there is a voltage between two 
conductors, there are certain 
conditions produced in the space 
around and between the conductors. This condition m the surrounding 
space is called an electric or dielectric field. \ discussion and expla¬ 
nation of this phenomenon are outside the scope of this book. How¬ 
ever, e.m.fs. produced bv changes in this dielectric field are of great 
practical importance, since these changes induce changing voltages m 
neighboring conductors. Voltages are produced bv this means in tele¬ 
phone lines from neighboring electric power lines and may cause serious 
interference with communication over the telephone lines. 

53. E.M.Fs. Produced by Friction.—E.m.fs. of considerable magnitude 
may be produced by the rapid rubbing together of different materials. 
Practical illustrations of voltages produced by this means are voltages 
on belts, produced by slipping of the belt on the pulley, and voltages 
between automobile bodies and ground, produced by the revolution of 
the rubber tires over the road. 

64. E.M.Fs. Produced by Crystals.—Certain crystals, such as quartz 
and rochelle salt crystals, have the property of producing very small 
e.m.fs. between opposite faces of the crystals when the crystals are sub¬ 
jected to a pressure. Certain crystals, such as tourmaline, when heated 
produce a very small e.m.f. between opposite faces. Although e.m.fs. 
produced by these means are of very small magnitude, still they are of 
great practical value m microphones and instruments for the measure¬ 
ment of vibrations in machinery. 

55. The general analogy between hydraulic and electric circuits should 
be appreciated. An electric circuit (Fig. 13) comprises metallic wires 
which, inherently, are composed of readily movable electrons. These 
wires are arranged in air or in some other insulating material which tends 
to prevent the egress of electrons from the wire. 



Fig. 12.— E.m.f. Kcnotafod bj rhem cal 
action 




Div. 1) 


F UN DA MEN TALS 


27 


Explanation —When a voltage developed by a generator or by some other means, 
is rnipieased across the ends of the wire the electrons are forced to move around through 
the wire and through the conducting members connected to it By the utilisation of 
properly designed devices these moving electrons may be made to do work—to tiansmit 
electrical energy Note that the copper transmission wire resembles a hole thiough the 
an through which the elections can be moved with relative case Air is an insulutoi 


J< Generation 


JtCopvenion -*f 


Efee tr/c 
Generator 


Copper 

Conductor 




Steam Engine _ - ) Line Shaft' 

Fig 13 Energy being tiansnutted with elec tuclty m in electnc circuit 


so electrons can be moved through it only with the greatest difficulty Similarly the 
hydraulic cucuit of Fig 14 comprises a pipe line full of water The piessure developed 
by the pump will cause the water in the iircuit to move which will turn the watei 
motor Just as the electric circuit is full of elections or electricity the hydraulic circuit 
is full of water Electricity may be thought of as resembling a noniompressible weight¬ 
less fluid which permeates all material space 

Note —Electricity is not eneigy (see bee 9b for definition of energy) any more than 
the watei which is flowing under pressuie m the pipe line of Fig 14 is energy The 
water flowing in the pipe (Fig 14) is a means of transmitting energy and so is the 
electricity (electrons) flowing in the conductor of I lg 15 a means of transmitting energy 



Fig 14 —Tneigy being transmitted with w atci m a hydiaulic ciiruit 


In 1 ig 14 the entigy which is developed by the steam engine is transmitted to the 
lotary pump by a belt The rotaiy pump then fories the water through the pipe to 
operate a watei motor which m turn through i belt dnves a line shaft Thus (1) \ 
1 elt (2) 4 ictaiy pump (5) a curient of watei (4) a witer motoi and (5) another 
belt have all leen mediums m the ti msnns^ion of eneigy from the engine to the line 
shaft In Fig 11 an ehctiic generator oi dynamo is substituted foi the rotary pump 
conductois for the pipe line and an eleitnc motoi for the watei motoi In Fig IS, 
ilectneity msteid of watei is the medium wheieby energy is tiansnutted ovei the long 
distance Otherwise the two tiansmission systems aie similar 

In eithei Fig 13 oi 14 a long belt might have been arranged between the engine and 
the line-shaft pulley and the belt would then transmit energy just as does water or 
electricity though possibly not so efficiently (Obviously belt transmission over any 
great distance is not feasible ) This explanation hab been given to show that electricity 
is merely a medium for the transmission of eneigy and that it is not energy 

56. Hydraulic Analogy of E.M.F.— The number of gallons per second 
(Timbie, “Elements of Electricity”) of water flowing through a pipe 
depends, to a large extent, on the hydraulic pressure on the pipe (Watei 
pressure is measured m pounds per square inch ) Similarly, electric 
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pressure or e.m.f., which is measured in volts, causes electricity to flow. 
A volt means somewhat the same thing in speaking of a flow of electricity 
Electricity now indicator-^ as a pound per square inch 

pressure does in speaking of a 
/mjTyvd flow of water. A higher hy- 

vo Co n °f wire^ \v> Con of W irtx draulic pressure is required to 

* of 1°^' force a given current of water 

ioovotts A. oj zoo vo/ts B 9 through a small pipe than 
4rr ~ *^— ^— 4 - tTthrough a large one. Similar- 

Note-The instrument and the coil of wire are the & e . . 

same for both A and B. ly, a higher voltage is required 

Fig. 15.—Illustrating the effect of to force a given current of elec- 
increasing electric pressuie. tricity through a small wire 

than through a large one. If the voltage impressed on a circuit is 
increased the current will be correspondingly increased (see Fig. 15). 

67. The distinction between amperes and volts should (Timbie) be 
clearly understood. The amperes represent the rate of electricity flow 
(see Sec. 37) through a circuit while the volts represent the pressure 
causing the flow. In the case of both electricity and water there may 


* Pressure Sage Peotds 200 Lb per Sofln 



. Potary Fump-ZOQLb 
per So/In Pressure 

Return Pipe 


-Water Under 200 
Lb per Sq In 



Fig. 1G.— Water flow blocked by a closed valve. 

be great pressure and yet no current. If the path of the water is blocked 
by a closed valve (Fig. 16), there will be no current (flow of water), yet 
there may be high pressure. If the path of electricity is blocked by an 
open switch (Fig. 17), there will be no current of electricity, though the 
pressure (voltage) may be high. Furthermore it is evident that, with a 
given hydraulic pressure, a greater current of water will flow through 


Open Switch - 

.•Generator, 200 Volts Pressure 





Wire Under 200 Volts Pressure 


-200 Volts 
Pressure 


Fia. 17.—Electricity flow blocked by an open switch. 

a large pipe than through a small one. Similarly with a given voltage a 
greater current of electricity will flow through a large wire than through 
a small one. 

68. Effects of an Electric Current.—The two principal effects of an 
electric current are (1) heating effect and (2) magnetic effect. 
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Sheet of 
Paper '• 


Wire carry mg 
an Electric Current 


Iron Et I mgs 
show Position of 
Magnetic Field 


Fiu. IS. —Magnetic field around a 
conductor. 



irun <Co/lof Wire 

Ktux m 

^Direction 


Whenever an electric current passes through a material, there is a 
heating effect due to the current. This effect is indicated by the increase 
in temperature of the material. A certain portion of the electrical energy 
that is put into the circuit is trans¬ 
formed into heat energy owing to the 
opposition offered to the flow of cur¬ 
rent by the resistance of the material. 

This loss of electrical energy (trans¬ 
ferred to heat energy) is associated 
with a drop in voltage. This drop in 
voltage is produced by the amount of 
voltage that is required to force 
the current through the resistance. 

This heating effect with its associated drop of voltage and temperature 
rise of the material always takes place any time a current is passed through 
a circuit. 

There is an association between electricity and magnetism because a 

magnetic field can be produced by an 
electric current. In fact, whenever 
an electric current is passed through 
a conductor, the electric current 
tends to set up a magnetic field 
around the conductor. The pres¬ 
ence of this field can be demonstrated 
by holding a compass near a wire 
that is carrying a current (Fig. 23). 
The compass needle will be deflected in a definite direction depending 
upon the direction of flow of the current. 

69. Magnetic Effect of Electric Current.—The magnetic lines of flux 
(magnetic field) that are produced by a current passing through a straight 

wire can be determined by passing the __ 

wire through a sheet of paper upon 
which iron filings are sprinkled as illus¬ 
trated in Fig. 18. The direction of the 
lines of flux will be in concentric circles 
around the axis of the conductor. The 
field will be strongest close to the con¬ 
ductor. 

If current is passed through a coil of 
wire wound around a piece of iron, as 


^Direction 
^pf Current 


hDirection 
;of Magnetic 
\ Flux 


Fig. 


19.— Elementary electromag¬ 
net. 


'"Magnetic FU/JF 

\\ 
\LL 



Fig. 20.—Magnetic field from 
current flowing through a coil 
of wire. 


in Fig. 19, it will be found that the iron is magnetized in a definite direc¬ 
tion. Such a magnet is called an electromagnet. This is the 
method always employed for producing strong magnets or setting up 
strong magnetic fields. A coil of wire carrying current will act like a 
magnet and will produce a magnetic north pole at one end and a magnetic 
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south pole at the other (see Fig 20). The direction of the magnetic field 
produced will be from the north pole end around through the space 
outside of the coil to the south pole end and thence back through the 
interior of the coil to the north pole end 

60. Hand Rule for Direction of Magnetic Field about a Straight Wire 
(see Fig 21) —If a wire through which electricity is flowing is so grasped 
with the right hand that the thumb points m the direction of electricity 



Fio 21—Hand rule foi tu 22 -Hind mle toi 

direction of field determining polanty oi a 

solenoid 


flow, the fingers ’Will point in the direction of the magnetic held and vi< e 
versa 

61. Hand Rule for Polarity of a Solenoid or Electromagnet (see Fig 22) 
If a solenoid oi an electromagnet is so giasped with the right hand that 
the fingers point m the direction of electricity flow, the thumb will point 
toward the north pole 

62. Rule for Determining Direction of Current Flow with a Compass 

(see Fig 23) —If a compass is placed under a conductor in which elec¬ 



tricity is flowing from south to north, the north end of the needle will be 
deflected to the west It the compass is placed over the conductor, the 
north end of the compass will be deflected to the east If the direction 
of current flow in the conductor is reversed, the direction of deflection 
of the needle will be reversed correspondingly 

63. Symbols for indicating the direction of an e.m.f. or current into 
or out of the end of a conductor are shown m Fig 24 
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64. Ohm’s Law.—From the preceding sections it is evident that a 
voltage is required to force a current through a circuit against the resist¬ 
ance caused by the material of the conductor. The relation between 
current, resistance, and voltage is known as Ohm’s law. It is merely a 
restatement, as applied to electric circuits, of the general law which 
governs all physical phenomena, i.e.j the result produced is directly pro¬ 
portional to the effort or cause and inversely proportional to the opposi¬ 
tion. In an electric circuit the current established is the result. The 
e.m.f. which establishes it is the effort; the opposition is represented by 
the resistance. Thus it may be written for an electric circuit: 

I = § = (amperes = (amperes) (7) 

R = ^ = ( ohms = — . ..\ (ohms) (8) 

1 \ amperes/ 

E = I X R — (volts = amperes X ohms) (volts) (9) 
where I = the current, in amperes, which flows in the circuit or in the 
portion of the circuit under consideration; R = the resistance in ohms of 
the circuit or the portion of the circuit under consideration; and E = the 
e.m.f. in volts required to force the current through the resistance of the 
circuit or the portion of the circuit under con¬ 
sideration. 

66. Application of Ohm’s Law.- -Great care 
must be exercised in the use of Ohm’s law. 

The voltage given by Eq. (9) may or may not 
be the voltage that must be impressed on the 
circuit in order to force the given current 
through the circuit. When the circuit con¬ 
tains only resistance, then the voltage given by 
Ohm’s law is the voltage impressed on the cir¬ 
cuit. Ohm’s law holds true for all circuits 
both direct and alternating, but the voltage obtained by its use is only the 
voltage required to overcome the resistance of the circuit. Ohm’s law 
cannot be used for a complete motor circuit in order to determine the 
resistance of the circuit. 

66. Use Ohm’s law for: 

1. Complete d-c circuits which do not contain any e.m.f. other than 
the impressed voltage. 

2. Conductors or resistors of d-c circuits. 

3. Any circuit which consists only of resistance. 

4. Any portion of a circuit containing only resistance. 

67. Do not use Ohm’s law for: 

1. A-c circuits in general. 

2. Complete motor circuits. 

3. Complete circuits containing any e.m.f. other than the impressed 
voltage. 



Fi«. 24. -Symbols in¬ 
dicating direction of cur¬ 
rent flow. 
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Refer to Sees 129 and 130 for calculation of a-c circuits 
68. Ohm’s law may be applied to an entire circuit or to a portion of a 
circuit. —Errors are frequently made, in applying Ohm's law, by consider¬ 
ing the voltage of one part of a circuit, the current of another part, and 
the resistance of still another part, the result is inconsistent When 
applied to an entile circuit, the amperes m the entire circuit equal the 
\olts across the entire circuit divided by the resistance of the entire 
circuit When applied to a portion of the circuit, the current in that 

poition of the circuit equals the 
\oltage across the portion divided 
by the resistance of that portion 

69. Examples of the application 
of Ohm’s law. 



Generator Resistance • / Ohm 
EMF Developed *120 Volts 


Line Wires I Ohm 
Resistance Each 


Resistance Coil- 3 Ohms 


Ft ample —What will he the cun cut m 
the cl e uicuit of 1 ig 2')? 

Solution —4n entue circuit is shown It is composed of a dynamo line wires and a 
resistance coil 1 he t in f developed 1 v the dynati o (do not confuse this with the 
e in f impressed by the dynimo on the line) is 120 vc Its 1 he resistance of the entire 
circuit is the sum of the resistances of dynuno lit c win md iesist uuc coil S ilsti 
tuting in the formula 
F 120 

R 


Tig. 25—An entile dynamo circuit 


1^0 

TT = 10 u " 


l + l + *» + l 
Example —Whit current 
urcuit of fig 2b f 

Solution —This igun is an entue circuit 
Substituting in the formula 

= E _ _ 1_ = J _ 

1 R Oj + 05 1-2 + 0 5 3 5 ~ 


Bull flow in the 


■ 0 28 amp 


it 



111 

^777777/7/2] 


Line Wires* 05 Ohms Each-*^ 

Magnet Coil 2 Ohms 

k Gravity Cell,E MF• 

/ Volt, Internal 
Resistance* 05 Ohm 


H 


Tig 2 b 


V11 entire 
circuit 


b itter \ 


Note that the intiriml itsistance of the 1 attcry 
must be considered 

Example —With 10 imj flowing whit will be the voltage drop in the line wires in 
fig 27? 



Solution —Laeh has a resistance of 1 0 ohm hence 

JB? = JXf2 = 10X2 = 20 volts 

Example —What is the resistance of the incandescent lamp of Iig 28 A 7 It is 
tapped to a 120-volt circuit and the ammeter reads 0 5 amp The branch wires are so 
short that their resistance can be neglected 
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Solutxon —Substitute in the formula 

R = ~ = 240 ohms 

Example —The motor of Tig 28 B takes 20 amp and the drop m voltage in the branch 
wires should not exceed 5 volts What is the greatest resistance that can be permitted 
in the branch conductors 9 



Fig 28—Poitions of uKuit 


Solution —Substitute in fht formula 



0 25 ohm 


This (0 25 ohm) is the resistance of both wires Fach would have a resistance of 
0 125 ohm 

Example — lht electric heater (Fig 20) tikes 5 imp The resistance of etch branch 
wue is 0 1 ohm Wh it will he the drop m volts in euh bramh wire 


o|N>cf>- 
o >o- i—> - 


Fuses 


, Branch 


R 01 Ohm Fach 

Current I SAmp heater 
Element 


^LiniuJ 


Mams 


Ftg 29—Portion of i ciicuit 


Solution —Substitute in the formula 

E = I X R = 5X01 = 05 volt 

In both branch wues or in the branch mcuit the volts lost would be 2 X 0 5 = 1 volt 
Example — Ihree motors (hig 27) taking respectively 20 25 and 5 amps (these 
values were stamped on the name plates of the motois) are located at the end of a 
feeder having a icsistame of 1 0 ohm on tach side What will be the volts drop in the 
feeder 9 

Solution —Substitute in tin founula 


E - R X / « (1 1 1) X (20 f 25 + 5) = 2 X 50 = 100 volts 

70. A resistor is an object having resistance; specifically, a resistor is a 
conductor inserted in a circuit to introduce resistance 4 rheostat is a 
resistor so arranged that its effective resistance can be varied 

71. What Determines Resistance.—The amount of resistance offered 
to the flow of water through a pipe or to the flow of electricity through a 
conductor is determined by somewhat analogous properties of the pipe 
and of the conductor, respectively, as follows. 
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72. Properties Determining Flow 


Of water through a pipe Of eleitneity thiough a wire 

i. Diametei of pipe ^ 1 Dmnittei of wue 

2 Length of pipe 2 Length of wue 

3 Material of pipe ami its intei inti smooth- 3 Mjttnal ol wire amt its temperatuie 
nejss. 


Noie —With both eleetncity and water flow (assuming a constant pressure) the 
longei the wire oi pipe the less the flow the smaller ihe diameter of wire ox pipe, the 
less the flow and vice versa 

73. Resistance to Alternating Current.—The resistance of the con¬ 
ductors of a circuit to alternating current is generally somewhat different 
from the resistance of the same conductors to direct current (refer to 
Sec. 116). 

74. The resistances of different materials vary greatly. Some, such as 
the metals, conduct electricity very readily and hence are called con¬ 
ductors. Others such as wood or slate are, at least when moist, partial 
conductors. Still others, such as glass, porcelain, and paraffin, are called 
insulators because they are practicallv nonconducting. No material is 
a perfect conductor and no material is a perfect insulator (see Sec. 39). 



Note These views are enlarged 
many times 



Fu. HO t'liculai mi! and Fiu HI ( oikIik toi sections 
sqmue mi! 


76. A circular mil is the area of a circle x iooo in. in diameter. A mil 
is Hooo an inch (see Fig. 30). The areas of electric conductors are 
usually measured m circular mils. Since the area of any figure varies 
as the square of its similar dimensions, the area of any circle can be 
expressed in circulai mils by squaring its diameter expressed in thou¬ 
sandths. Thus, since l 8 = 87 $ L ooo = 0.375, the area of a circle 3 £ in. 
in diameter would be 375 X 375 = 140,625 cir. mils. The area of a 
circle 0.005 in. in diameter would be 5 X 5 = 25 cir. mils. 

76. A square mil is the area of a square having sides Hooo in. long 
(see Fig. 30). Areas of rectangular conductors are sometimes measured 
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in square mils. Areas in square mils are obtained by multiplying together 
the length and breadth of the rectangle expressed in thousandths of an 
inch. Thus, the area of a rectangle in. wide and 2 in. long would be 
500 X 2,000 * 1,000,000 sq. mils. In actual area, a circular mil is 
about as great as a square mil. 

77. To reduce square mils or square inches to circular mils, or the 
reverse, apply one of the following formulas or see Sec. 2 for square mil, 
circular mil, and square inch conversion factors. 


Sq. mils = cir. mils X 0.7854 

(10) 

— sq. mils 

Clr - m,ls “ 0.7854 

(11) 

Cir. mils - 0 0000007854 

(12) 

Sq. in. = cir. mils X 0.0000007854 

(13) 


Example .— The sectional area of the bus bar, in Fig. 31, I, is, in circular mils, 

Oil. mils = (sq. in.)/(0.0000007854) - (3 X H) + 0.0000007854 

= 0.75 -4- 0.0000007854 = 955,000 cir. mils. 

Example .—The sectional area of the steel T, shown in Fig. 31, II, in circular mils is: 

Cir. mils = sq. in. 4- 0.0000007854 = 0.53 4- 0.0000007854 = 074,800 cir. mils. 


78. The circular mil-foot (cir. mil-ft.) is the unit conductor, 
having a sectional area of 1 cir. mil and a length of 1 ft. is a 
inil-foot of conductor. The resistance of 

a circular mil-foot of a metal is sometimes 
called its specific resistance or its resistiv¬ 
ity. The resistance of a circular mil-foot 
of copper under different conditions is given 
in Fig. 32. Resistances for other metals 
and alloys are given in Table 84. 

79. To compute the resistance of a con¬ 
ductor of any common metal or alloy use 
the value given for the resistance of a 
circular mil-foot of the material in Table 
84 in the following formula: 

V X l 


A wire 
circular 



R 


cir. mils 


V_ X / 
d 2 


(14) 


Degrees Jahrenhelt 
K) 0 10 20 30 40 

Degrees Centigrade 

Fig. 32. — Curves showing 
resistance per circular 
mil-foot of pure copper at 
various temperatures and 
conductivities. 


where R * resistance of the conductor in 
ohms; p * resistance of a cir. mil-ft. of 
the material composing the conductor, from Table 84; l *= length of con¬ 
ductor in feet; d * diameter in mils; and d 2 = diameter in mils squared 
or, what is the same thing, the area of the conductor in circular mils. 
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The other forms of the formula are: 

d 2 X R 7 d 2 X R , A / v~Xl 

p = _ T /- <* = V-/r 


(15) 


Example —Taking from Table 84 the resistance of a circular mil-foot of copper at 
23°C (75°F) as 10 5 ohms what is the resistance of 500 ft of copper wire 0 021 in 
in diameter > 

Solution —Substituting in the formula 


R _ pi 10 5 X 500 
d* ” 21 X 21 


5250 1in , 

— — = 110 ohms 
441 


80. An approximate rule for computing the resistance of round copper 
wire, in ohms per thousand feet is Divide 10,500 by the size of the 
wire in circular mils This rule should be used only for rough estimating 
computations 

Example —Thus for a 4/0 wire (211 (>00 or mils) the resist iiict is approximately 
R = 10 500/211 600 = 0 05 ohm per 1 000 ft 

81. The resistances of conductors that are not circular in section can 
be computed by first getting their aieas in square inches and then reduc¬ 
ing this square inch value to circular mils as indicated above Then 
proceed with the formula in the preceding paragraph 

82. Change of Resistance with Change of Temperature. —The lesist- 
ance of all puie metals increases as they become hot The lesistance of 
certain alloys is not affected by the temperature In wiring for light and 
power, changes in resistance due to changes in tempeiatuie are so slight 
that they may be wholly disregarded Sometimes, with electrical 
machinery, changes in resistance due to (lunges m tempcratuie may be of 
importance, in that speeds, voltages, or currents liny be appreciably 
affected thereby The proportion th it resistance me leases pei degree rise 
m temperature is called the temperature coefficient of resistance (see 
Table 84 for values) For all pure metals, the coefficient is prac tic ally the 
same and is 0 004 for temperatures m degrees centigrade and 0 0023 for 
temperatures m degrees Fahrenheit 

83. To find the resistance of a conductor at any ordinary temperature, 
use this formula 

+ or T h -Tr = Rk -^ ( 16 ) 

O A It 


where Rh = resistance, m ohms, hot; R c — resistance, in ohms, cold; 
Th = temperature of conductoi hot, in degrees; T c = temperature of 
conductor cold in degrees; and a = the temperature coefficient of the 
material of the conductor from Table 84 (This is an approximate 
method, but it is sufficiently accurate for all ordinary work ) 

Example —The resistance of 1 cir mil-ft of annealed ooppei is 9 59 ohms at 32°I 
What will its resistance be at 75°F ? 

Solution —From Table 84 the coefficient is 0 00223 Now substitute 
Rh - Rc + [a X Rc(Th - TV)] - 9 59 + [0 00223 X 9 59(75 - 32)1 

- 9 59 -f- [0 00223 X 9 59 X 43] « 9 59 -f 0 92 - 10 51 ohms, at 75 # F. 
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85. The temperature rise in a conductor can be determined with the 
formula of Sec. 83 by measuring hot and cold resistance.—The expan¬ 
sion Th — T r is the difference between the hot and cold temperature 
and is therefore the temperature rise or fall. 

Example. —The resistance of a set of copper coils measured 20 ohms at a room tem¬ 
perature of 20°C. Aftei carrying cunent foi some time the resistance measured 
20.78 ohms. What was the temperatuie use in the coil' 

Solution. —The tempeiatuie coefficient of coppei per degiee centigrade is, from 
Table 82, 0.004. Substitute in the foimula. 

Th - T e - = (20.78 - 20.0) + (0.004 X 20) = 0.78 -5- 0.08 - 9.75°C. 

CL lie 

Therefore the average tempeiature rise in the coil was 9?£°C. 


86. Safe Current Densities for Electrical Contacts and for Cross Sections 




Cunent density 

hind of contact 

Mateiial 

Amp. per 
sq. in. 

Sq. mils per 
amp. 

Sliding 

contact 

(brushes) 

Copper brush 

Brass gauze brush 

Carbon biush 

150- 175 
100 125 
30- 40 

5,700- 0,700 

8 000-10,000 
25,000-33,300 

Spring 

contact 

(switch blades) 

Copper on copper 

Composition on copper 

Biass on brass 

00- 80 

50- (.0 

40- 50 

12,500-10 700 
10,700-20,000 
20,000-25,000 

Screwed 

contact 

Copper to copper 

Composition to coppei 

Composition to composition 

150- 200 
125- 150 

100- 125 

5,000- 6,700 
6,700- 8,000 
8,000-10,000 

Clamped 
con tart 

Copper to copper 

Composition to copper 

Composition to composition 

100- 125 

75- 100 

70- 90 

8,000-10.000 
10 000 13.000 
11,000-14,000 

Kitted 

contact 
(taper plugs) 

Copper to coppei 

Composition to copp« i 

Composition to composition 

125- 175 

100- 125 

75- 100 

5 700- 8 000 

8 000-10 000 
10,000-13 000 

Kitted and 
screwed 

contact 

Copper to copper 

Composition to copper 

Composition to composition 

200 250 

175 - 200 
150- 175 

4,000 5 000 
5,000 5,700 
5,700- 0,700 

Cross 

section 

Copper wire 

Copper wire cable 

Copper rod 

Composition casting 

Brass casting 

Biass rod 

1 200-2,000 
1,000-1,000 
800-1,200 
500- 700 
300- 400 

575- 750 

500- 800 

000- 1,000 
800- 1,200 
1,400- 2,000 
2,500- 3 300 
1,300- 1,700 
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87. Contact resistance is the resistance at the point of contact of two 
conductors. When current flows, heat is always developed at such a 
point. The greater the clamping pressure between the conductors in 
contact and the greater the area of contact, the less the contact resistance 
will be. The nature of the surfaces in contact must also be considered. 
Smooth surfaces have less contact resistance than do rough surfaces. 
Contacts should always be so designed that, for a given current, the area 
of contact will be large enough to prevent the contact resistance from 
being so great as to cause excessive heating. Table 86 indicates safe 
values. 

88. Work is the overcoming of mechanical resistance through a certain 
distance. Work is measured by the product of the mechanical resistance 
times the space through which it is overcome. Work is measured by the 
product of the moving force times the distance through which the force 
acts in overcoming the resistance. Work is, therefore, measured in foot¬ 
pounds (ft.-lb.). 


Example. —What woik is done if a weight of 0 lb. is lifted thiough a distance of 8 ft.? 
Solution. —Work =» ft. X lb. — 8 X 0 = 48 ft.-lb. 

Example. —If 20 gal. of water is pumped to a vertical height of 32 ft., what work 
has been done? 

Solution. —A gallon of water weighs 8 lb. Theiefore 

Woik = ft. X lb. - 32 X (20 X 8) = 5,120 ft.-lb. 

Example. —If the piston in a steam engine travels 1*2 ft- during a certain interval, 
and the total pleasure on the piston iB 40,000 lb , what work is done during the interval? 
Solution. —Work = ft. X lb. — 1.5 X 40,000 = 00,000 ft.-lb. 


89. Power is rate of doing work. The faster work is done the greater 
the power that will be required to do it. For example, if a 10-hp. motor 
can raise a loaded elevator a certain distance in 2 min. a 20-hp. motor will 
(approximately) be required to raise it the same distance in 1 min. 

90. The horsepower is the unit of power and is about equal to the 
power of a strong horse to do work for a short interval. Numerically hp. 
is 33,000 ft.-lb. per min., = 550 ft.-lb. per sec., = 1,980,000 ft.-lb. per hr. 
Expressed as a formula, 


„ _ L X IF _ fF-lb. per min. 

“ 33,000 X / “ ~ 33,000 


07) 


where, hp. = horsepower; L = distance in feet through which W is 
raised or overcome; IF = weight in pounds of the thing lifted or the push 
or pull in pounds of the force overcome; and t is the time in minutes 
required to move or overcome the weight W through the distance L. 


Example. —W T hat horsepower ia required in raising the load and bucket weighing 
200 lb., shown in Fig. 33, fiom the bottom to the top of the shaft, a distance of 100 ft., 
in 2 min.? 

Solution. —Substitute in the formula: 


„ L X W 
Vm " 33,000 X~t 


100 X 200 
33,000 X 2 


0.3 hp. 
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Example —What average horsepower is required while moving the box loaded with 
stone in hig 34 from A to B 650 ft in 3 min } It takes a horizontal pull of 150 lb 
to move the box 

Solution —Substitute m the formula 

L X W G50 X 150 


Hp 


33 000 X 1 


0 98 hp 


33 000 X t 

91. Electric power is the rate of doing electrical work The unit is the 
watt or kilowatt \ kilowatt is 1,000 watts Work is being done at the 
rate of 1 watt when a constant current of 1 amp 
is maintained through a resistance by an e m f of 
1 volt 

92. To Reduce Horsepower to Watts and 
Kilowatts and Vice Versa —One horsepower 
equals 746 watts thcieforc 



Fig 


'Bucket 

eOOLbx 


33 —Bucket in 
shaft 


Hp = = w itts X 0 00134 

Watts = hp X 746 

IIp = 07i6 =kw X134 
kw = hp X 0 746 
Example — Witts — 2 4(0 hf = 7 


(IB) 

(19) 


Box > B 


" “"'Y Stone ISO Lb 



I ig 34 


650Ft " 

Moving loaded box 


Solution —Substitute m formula 

watts 


Hp 


746 


= 2 4(0 - 746 = 3 3 hp 


Example —A motor takes 30 kw How mai y horsepow* r is it taking? 
Solution —Substitute m the formula 


Hp 


k w_ 

1 0 746 ' 


0 746 - 40 24 hp 


Or instead using the other formul i 

Hp = kw X 1 34 - 30 X 1 34 = 40 2 hp 

93. Power in d-c circuits is equ il to the produt t of volts and amperes. 
Expressing this as a formula 


P = / X E 


I = 


a =7 


E “ ~T 

and also in circuits where all the energy is converted into heat energy 

* ■ 

p 


P = I 2 X R P = 


R 


p _E* 
r ~T 


fi E 


VR X P (21) 


R = 


( 22 ) 
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where I =* current in amperes; E — voltage or e.m.f. in volts; R — resist¬ 
ance in ohms; and P — power in watts. 

94. In applying the above equations be careful that the values of cur¬ 
rent, voltage, and resistance used in any¬ 
one problem all apply to the same circuit 
or to the same portion of a circuit. 

Example .—How many watts are consumed by 
the incandescent lamp in Fig 35? 

Solution .—Substitute in the formula 

P = I X E = if X 120 = «>0 watts 

Example .—How many watts are taken by the motor of Fig 3d? How many kilo¬ 
watts? How many hoisepower? 

Solution .—Substitute m the formula: 


Lamp 

+ 

\t20 VoHo W0 Volt Circuit- 

r > 

Current Amp * 



Fig. 35 —Incandescent lamp 
branch circuit. 


I X E = 70 X 220 = 
watts _ 15,400 
1,000 “ 1 000 
watts _ 15,400 
740 " "74b" ’ 


kw 


Up - 


15,400 watts 
= 15.4 kw. 

> 20 6 hp. 


Example .—In the feeder of Fig 37, what amount of power will be lost in the line 
wires to the motor f 

Solution —Substitute in the formula: 

P = Ii X R = (40 X 40) X (0 3 

+ 0 3) = lfiOO XOfl = 960 watts 

95. Power in A-c Circuits.—The pow¬ 
er of an a-c circuit is very seldom equal to 
the direct product of the volts and amperes. In order to calculate the 
power of a single-phase a-c circuit, the product of the volts and amperes 
must be multiplied by a certain factor called the power factor (see Sec. 
133). 


-Direct Current Motor I 

220 Volts - *} 
Current - 70Amp „ ? 

: f ■*- 

Fig 36.—Electric motor. 



\< h- 220 Volt Circuit 


I« Current • 40 Amp *. 


Resistance • R - 0 J Ohm 


^Lme Wes Direct Current Motor-—* 

-.’ Resistance *03 Ohm --b ] 


Fio. 37.—Feeder. 


96. Energy is capacity for doing work. Any body or medium which is 
of itself capable of doing work is said to possess energy. A coiled clock 
spring possesses energy because, in unwinding, it can do work. A moving 
projectile possesses energy because it can overcome the resistance offered 
by the air, by armor plate, etc., and thus do work. A charged storage 
battery possesses energy because it can furnish electricity to operate a 
motor. Energy can be expressed in foot-pounds. 

97. Energy of one sort may be transformed into energy of another sort. 
Heat energy in coal may be transformed (with a certain loss), with a 
boiler, a steam engine, and a generator, into electrical energy. The 
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energy possessed by a stream of falling water may be transformed, with a 
water wheel and generator, into electrical energy There is a definite 
numencal relation between different sorts of energy Thus 1 B t u , the 
unit of heat energy = 778 ft -lb In electrical units, energy is expressed 
in watt-hours or kilowatt-houis 

98. A kilowatt-hour repiesents the eneigy expended if woik is done for 
1 hi at the rate of 1 kw 

99. A horsepower-hour lepresents the energy expended it woik is done 
for 1 hi at the rate ol 1 hp One horsepower-hour therefore equals 
60 X 33,000 = 1,980,000 ft -lb 

10Q. Efficiency is the name given to the ratio of output to input No 
machine gives out as much energy or powei as is put into it There are 
some losses m even the most perfectly constructed machines Kfhcienc v 
is usually expiessed as a percentage, thus, “the efficiency oi a certain 
motor is 80 per cent ” This means that only 80 per cent ot the energy or 
power received by the motor a^ elec trie lty is delivered by the motor at the 
pulley \nother way of stating the definition is 


It follows that 


and 


I fhc it ncj 


output 

input 


Input = 


output 

efficiency 


Output = input X c fhciency 


(23) 

(24) 

(25) 


When using the foimulas, output and input must be expressed m the 
same units 

101. Output is the useful energy delivered b\ a mac lime and input is the 
energy supplied to a m it lime 


Example —If 4o kw w supplied Co i motor ind its ontj ut is four 1 to he r >4 2 lip 
whut in its ethciem yf 

Solution —Suite 1 hp — 0 74h kw >4 2 li| — r >4 2 X 0 7 r > = 40 (> kw 
1 h(n substituting in the foimula, 

tfhciency «= out * n it _ = 090 = 90 ptr cent 

input 4 > 

102. Torque is the measure of the tendency of a body to rotate It is 
the measure of a turning or twisting effort and is usually expressed m 
pounds feet or m pounds force at a given radius Torque is expressed as 
the product of the force tending to produce rotation times the distance 
from the center of rotation to the point of application of the force Thus 
m Fig 38 there is a torque ot 50 X 1 = 50 lb -ft tending to turn the 
windlass due to the weight attached to the rope In the motor of Fig 39 
the group of conductors under the north pole produces a combined fore e 
of 10 lb The torque produced by this group of conductors will be 10 X 
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Therefore, the total torque 


9 i 2 = 7.5 Ib.-ft. The group of conductors under the south pole will 
similarly produce 10 X 5^2 = 7.5 lb.-ft. Both of these torques tend to 
produce rotation in the same direction, 
produced by the motor will be 7.5 + 

7.5= 15 lb.-ft. 

Torque exists even if there is no mo¬ 
tion. Thus, in Fig. 38 the torque ex¬ 
erted by the weight is 50 lb.-ft. so long 
as the weight is supported, whether the 
drum is moving or standing still. In 
the motor of Fig. 39 a torque of 15 lb.- 
ft. is exerted upon the armature tend¬ 
ing to produce rotation, whether the 
motor is revolving or standing still. If 
there is no rotation, no work can be 
done, yet there is torque tending to 
produce rotation. 

between Horsepower 



103. Relation 
and Torque. 


Hp. - 


Fit* 3S —Example of work and 
of torque. 

b 28 X r p m X T /ot . x 


33,000 


(27) 


_ 33^000 hp. 

H 28 X r p m 

where T = torque m lb.-ft. 

Example .—What is the torque of a 10-hp motor if delivering full load at 1,150 r.p.m.? 
n, 33,000 X 10 . _ 7 f . 

T = 628 X-l,lS 0 = 4571b - ft 

104. Torque and Force Relations in Mechanisms.—In any mechanism 
such as the windlass of Fig. 38, or a motor belted 
or geared to a load, if the losses are neglected so 
that the efficiency is 100 per cent, the power out¬ 
put will be equal to the power input. For such 
t\ perfect mechanism the following relations will 
hold true: 



T i X r.p.m.i = T z X r.p.m. 


(28) 


Fig. 39.—Torque 
pioduced by the force 
on the conductors of a 
motor. 


Ti 

7' 2 


r.p.m .2 
r.p.m.i 


where T\ = torque at point 1 in the mechanism; 
r.p.m.i = r.p.m. at point 1 in the mechanism; 
T 2 = torque at point 2 in the mechanism; and r.p.m. 2 * r.p.m. at point 
2 in the mechanism. 
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In the windlass of Fig. 38 the r.p.m. for all points in the mechanism 
are the same. Therefore the torque at any point is equal to the torque 
at any other point. The torque that must be exerted at the handle of 
the windlass in order to raise the weight at a uniform rate of speed would 
have to be equal to the torque exerted by the weight. This is neglecting 
the weight of the rope and the friction. The force that must be exerted 
on the handle will be 5 % = 25 lb. 

The motor of Fig. 39 is equipped with a pulley on the shaft for driving 
a belt. The pulley has a diameter of 6 in. The force exerted upon the 
belt (the tension of the belt) would be determined in the following manner: 
Since the r.p.m. of the pulley is the same as the r.p.m. of the motor arma¬ 
ture, the torque produced by the conductors is the same as the torque 
exerted by the pulley. The force on the belt is therefore 15/0.5 = 30 lb. 



Fig. 40.—Graph of a 60-cycle alternating current having a maximum value 

of 100 amp. 

106. Wave Form of Alternating Currents and Voltages.—An alter¬ 
nating current or voltage is one which is reversed at regular intervals. 
The curve formed by plotting the instantaneous values of the voltage or 
current against tune is called the wave form of the voltage or current. 
It is best to have the value of an alternating current or voltage vary with 
time according to what is known as the sine law. The instantaneous 
values of an alternating current varying according to this law arc shown 
in Fig. 40. A voltage or current w hich varies in this manner is called a 
sinusoidal voltage or current. Most modern a-c generators produce a 
voltage which is very nearly sinusoidal and are generally so considered. 
The current in some a-c circuits will be very nearly sinusoidal and in 
others may differ considerably from the sine law. In most cases, how¬ 
ever, for practical work both alternating voltages and currents can be 
considered as following the sine law. For cases where it is not satis¬ 
factory to do this, the calculations become quite complicated, and a dis¬ 
cussion of them is outside the scope of this book. 

106. A cycle is a complete set of values through which an alternating 
current (see previous Sec. 34 for explanation of “Alternating Current”) 
repeatedly passes (see Fig. 40). The expression “60 cycles per second” 
means that the current referred to makes 60 complete cycles in a second. 
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It therefore requires Ho sec. to complete 1 cycle. See Fig. 40. With 
a 25-cycle current, H5 sec. is required to complete 1 cycle. Sec Fig. 41. 

107. The frequency of an alternating current is the number of cycles 
completed in 1 sec. A frequency of 60 cycles is practically standard for 
lighting and power installations. Most electric power companies gener- 



Fig. 41.—Curve oi a 25-cycle alternating current, 
ate, transmit, and distribute their power at this frequency. For railroad 
electrification, 25 cycles is sometimes employed. If 25 cycles is used for 
lighting, there will be flickering of the lamps. Some of the older stations 
in this country still generate at 50 cycles. In Europe 50 cycles ha* 
commonly been used for light 
and power and 16 2 s cycles for 
railroad electrification. 

108. Electrical Degrees.— 

The instantaneous values of an 
a-c voltage can be studied from 
Fig. 42, which shows an ele¬ 
mentary four-pole generator and 
the wave form of voltage for one 
complete revolution of the con¬ 
ductor. When the conductor is 
in the position marked A, half¬ 
way between adjacent poles, it 
will not be cutting any flux and 
therefore there will be no voltage 
induced in the conductor. As 
the conductor moves from this 
position, it will start to cut flux 
and will cut flux at a greater and 
greater rate until the conductor 
is m the position B . At this point, flux will be cut at the maximum 
rate, and the voltage produced will be maximum. As the conductor 
moves from position B to position C, it will cut flux at a decreasing 
rate, until, when position C is reached (half way between poles), the 
conductor will not be cutting flux at all. As the conductor moves 
on from position C, it will start to cut flux, but the direction of the 
flux is reversed. The direction of the induced voltage will therefor© 


ABCDEFGHA 



Fig. 42.—Elementary a-c generator, 
illustrating electrical degrees and wave 
form. 
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reverse at the instant when the conductor passes through position C. 
Pursuing the same reasoning for the rest of the revolution, the voltage 
produced in the conductor will follow the wave form shown in Fig. 
42. The arc that the conductor must pass through in order to gen¬ 
erate one complete cycle of voltage is called 360 electrical degrees. 
In any a-e generator there are therefore 360 electrical degrees in the arc 
between the center line of one pole and the center line of the next pole 
of the same polarity. The number of electrical degrees in one complete 
revolution for any generator is equal to 360 times the number of pairs of 

poles for which the machine is wound. 
One electrical degree is equal to 
1 / (pair of poles) part of a mechanical 
degree. 

If the elementary generator of Fig. 
42 was producing a 60-cycle voltage, 
the conductor would have to make 
1,800 r.p.m. This would mean that 
the conductor makes 1 revolution in 



Two allei iiatinu < 
in pimst*. 



0 90 

Degree. 

Fio. 44 


00 1 sou or 1 jo sec. Since the voltage 
goes through 2 cycles in 1 revolution (see Fig. 42), it takes t fa0 sec. for 
1 cycle. This means that in *ec. the conductor moves from position A 
to position E. 

Refer to Fig. 42 and take A position as zero instant of time and as 
zero electrical degrees. When the 0 

conductor has moved from position 
A to Bj it will have passed t hrough 
36 % or 90 electrical degrees, and 
the elapsed time will be X 60 or 
sec. Electrical degrees and 
time are therefore proportional. 

Therefore instead of plotting the 
instantaneous values of the voltage 
against time, they can be plotted 
against electrical degrees. These two methods of plotting such curves are 
shown in Figs. 40 and 41. 

109. The word phase, when properly used in a-c terminology, refers to 
time. When two alternating currents are in phase, they reach their 
corresponding zero, maximum, and intermediate values at exactly the 
same instants. Two in-phase a-c quantities are shown in Fig. 43. If 
currents or voltages are not in phase, they reach corresponding values at 
different instants of time, as shown in Fig. 44. Since electrical degrees 
are proportional to time, it is standard practice to state the out-of-phase 
relation of two quantities in electrical degrees. In specifying the phase 
relation of two quantities, it is necessary to state whether it is a leading 
or lagging relationship. For example, referring to Fig. 44, it is not com- 


Two alternating cun cuts 
out of phase. 
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plete to state that quantity A is 45 degrees out of phase with B. The 
correct statement is either “A leads B by 45 degrees,” or lt B lags A by 
45 degrees.” The number of degrees that two quantities are out of 
phase is the number of electrical degrees that must elapse in the time 
between the occurrence of a certain instantaneous value of one quantity 
and the occurrence of the corresponding instantaneous value of the other 
quantity. For example, referring to Fig. 44, quantity B does not reach 
its maximum positive value until 45 degrees after quantity A has reached 
its maximum positive value. Quantity B, therefore, lags quantity A 



FiJ. 45. Alternating e.m.t. values 


by 45 degrees. The number of electrical degrees that two quantities are 
out of phase is called the phase angle. 

110. A three-phase current consists of three different alternating cur¬ 
rents out of phase 120 degrees with each other. A two-phase current 
consists of two different alternating currents out of phase 90 degrees 
with each other. 

Sometimes each of the three wires of a three-phase circuit is called a 
phase wire or, for short, a phase. Also, any pair of wires of a polyphase 
circuit across which the normal voltage of the circuit should exist is 
sometimes referred to as a phase of the circuit. 

111. The maximum value of an alternating current or voltage is the 
greatest value that it attains. This is an instantaneous value (see 
Fig. 45). 

112. The so-called average value of an alternating current or voltage 
is the average of the instantaneous values for 1 2 cycle. Average values 
are not of much value to the practical man. 

113. Effective values of alternating current and voltage are the ones 
ordinarily referred to when speaking of alternating quantities. Alter¬ 
nating voltages and currents are constantly changing in value, within a 
certain range, from instant to instant even if the load is constant. It is 
not practicable to deal with or indicate with instruments these constantly 
changing values. The effective value of an alternating current or voltage 
is the value of a direct current or voltage that will have the same heating 
effect. A sinusoidal alternating current which has a maximum value of 
14.14 amp. will have the same heating effect as a 10-amp. direct current. 
The effective value of the alternating gurrent is therefore 10 amp. The 
practical man deals almost exclusively with effective values. Measuring 
instruments indicate effective values. The relation between effective 
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and maximum values for sinusoidal quantities is given below and illus¬ 
trated in Fig. 45. 

Effective value = 0.707 X maximum value (29) 

at • i effective value ...... 

Maximum value = -0707- (30) 

Example. —What is the effective voltage of a circuit that has a maximum voltage 
of 156? 

Solution. —Substitute in the foimula: 

Effective value = 0 707 X maximum value — 0 707 X 156 == 110 volts 

Example. —If a voltmeter on an a-c circuit reads 2,200, what is the maximum instan¬ 
taneous voltage? 

Solution. —Substitute in the formula* 

Tv-r • i effective value 2,200 ., 

Maximum value = —0707 ~ = 0^07 = 3 ' 110volt8 

114. Characteristics of Circuits.—In constant-current d-c circuits 
there is only one characteristic of the circuit that affects the value of the 
current, i.e., the resistance offered by the material of which the circuit 
is made. In all other cases there are three characteristics of a circuit 
that affect the value of current that will flow through it, namely, resist¬ 
ance, inductance, and capacity. 

115. Resistance of A-c Circuits.—As mentioned in Sec. 73 the resist¬ 
ance of a circuit to alternating current may be considerably different 
from its resistance to direct current. This increase in the resistance may 
be due to two factors. One of these factors takes place inside the con¬ 
ductors. It is called skin effect and is discussed in the following sections. 
The other factor is due to the proximity of magnetic and electrical con¬ 
ducting material to the circuit. The varying magnetic field produced 
by the alternating current results in electric and magnetic power losses 
in these neighboring materials. These power losses must be supplied 
by the power delivered to the electric circuit and therefore result in 
increasing the effective resistance of the circuit over what it was for direct 
current. Refer to Sec. 154 for example of effective resistance to an 
alternating current. 

116. Skin Effect.—When an alternating current flows through a 
conductor, there is an inductive action whereby the current in the con¬ 
ductor is forced toward its surface. The current density is greater at 
the surface than at the center, and under certain conditions there may be 
practically no current flowing along the axis of the conductor. Although 
skin effect and self-induction both originate from the same magnetic 
field, they are not otherwise related. Since it increases voltage drop 
and energy loss, skin effect amounts to an increase in resistance and is so 
considered. Table 119 gives values by which actual resistances of con¬ 
ductors must be multiplied to obtain their virtual resistances to alter¬ 
nating currents. Nonconducting cores are sometimes placed in the 
centers of large cables fpr alternating currents so that all the metal will 
be worked at the best possible efficiency (see Div. 2 for such conductors) 
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117. Skin effect in conductors of magnetic materials is much greater 
than in those of nonmagnetic materials owing to the stronger magnetic 
field that a given current will set up in a magnetic metal (see the tables 
in the “Standard Handbook for Electrical Engineers”). 

118. Skin effect in stranded conductors is, for all practical purposes, 
equal to that in solid conductors of equal diameters. Table 119 gives 
values for solid conductors. 

119. Skin-effect Factors for Copper Wire.—Values by which the real 
(ohmic) resistance of solid, round copper conductors must be multiplied 
to obtain their virtual resistance to alternating currents of commercial 
frequencies are given in the table below. 


Frequency 

Factors for different B. & S. gage copper wire sizes 










4 

3 

2 

1 

0 

00 

000 

0000 

25 cycles. 

1 000 

1.000 

1.000 

1 000 

1.000 

1 000 

1.000 | 

1 001 

00 cycles 

1 000 

1.000 

1.000 

1.000 

1 001 

1 002 

1 .005 

1 006 

130 cycles . . 

1.000 

1.001 

1.002 

1 005 

1 008 

1.010 

1.017 

1.027 


Frequency 

Factors for different copper wire sizes, diameter in in. 

H 

S 4 

1 

l)i 

1>4 

lbz 

1« 

2 

25 cycles., 

1.002 

1.007 

1.020 

1.035 

1.053 

1.098 

1 170 

1.265 

00 cycles. 

1.008 

1.040 

1.111 

1.168 

1.239 

1.420 

1.622 

1.826 

130 cycles. 

1.039 

1.150 

1.397 

1.545 

1.094 

1.983 

2.272 

2.660 


Example .—A No. 000 wire 1,000 ft. long has an actual resistance of 0.0489 ohm. Its 
resistance to a 130-cycle alternating current would be 0.0489 X 1.017 *» 0.0497 ohm. 


120. Self-induction is the phenomenon whereby an e.rn.f. is induced 
in a conductor by a change of current in the conductor itself. This 
e.rn.f. is always in such a direction that it opposes the change of current’ 
which produces it. 

Whenever current passes through a conductor, it tends to set up a 
magnetic field around the conductor. If the current through the con¬ 
ductor changes, the flux produced by it will change. The change in the 
flux will produce a voltage in the conductor. This voltage is the voltage 
of self-induction. Since inductance has an effect only when the current 
in the conductor is changing, inductance will have no effect on a closed 
d-c circuit but will have an effect in a-c circuits where the current is 
always changing from instant to instant. 
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The effect of inductance in an a-c circuit is that it produces opposition 
to the flow of the current and tends to make the current lag behind the 
voltage in time or phase. If a pure inductive circuit (one with only 
inductance, no resistance) could be built, the current would lag 90 degrees 
or cycle behind the voltage. In actual circuits containing both resist¬ 
ance and inductance, the current will lag some angle between 0 and 90 
degrees behind the voltage. The angle of lag will depend upon the rela¬ 
tive value of the resistance and inductance. 

121. Inductance of a circuit is measured in a unit called henrys. It 
is expressed by the symbol L. A circuit has an inductance of 1 henry 
when, if the current is changed at the rate of 1 amp. per sec., 1 volt is 
induced in the circuit thereby. 

122. Inductive reactance is the name given to the opposition to the 
flow of changing current due to inductance. It is measured in ohms 
t he same as resistance. Keacta nee and resistance are both opposition to the 
flow of current but otherwise are entirely different quantities. Inductive 
reactance is designated by the symbol Xl. For a sinusoidal current the 
value of the inductive reactance is 

X L - 2tt/L (31) 

where Xl = inductive reactance in ohms; / = frequency in cycles per 
second; and L — inductance in henrys. 

123. ^he angle of lag of a current in an inductive circuit can be calcu¬ 
lated from the following equation: 

Tangent of angle of lag = (32) 

where Xl — inductive reactance in ohms; and Ii — a-c resistance (not 
d-c resistance). Also see method of Sec. 131. 

124. Capacity or capacitance is the phenomenon whereby a circuit 
stores electrical energy. Whenever two conducting materials are sepa¬ 
rated by an insulating material, they have this ability of storing electrical 
energy. Such an arrangement of materials (two conductors separated 
by an insulator) is called a condenser or capacitor. If a source of d-c 
voltage is connected between the two conducting materials of a condenser, 
a current will flow for a certain length of time. The initial current will 
be relatively large but will rapidly diminish to zero. A certain amount 
of electrical energy will then be stored in the condenser. If the source 
of voltage is removed and the conductors of the condenser are connected 
to the two ends of a resistor, a current will then flow from the condenser 
through the resistor for a certain length of time. The initial current will 
be relatively large but will rapidly diminish to zero. The direction of 
the current will be opposite to the direction of the current when the 
condenser was being charged by the d-c source. When the current 
reaches zero, the condenser will have dissipated the energy which was 
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stored in it as heat energy in the resistor. The condenser will then be 
said to be discharged. 

125. The farad is the unit of capacity. It is designated by the symbol 
C. A circuit or condenser will have a capacity of 1 farad if, when the 
voltage across it is increased 1 volt, its stored electricity is increased by 
1 coulomb. Another definition for a capacity of 1 farad, which results 
in the same effect, is given below. A circuit or condenser will have a 
capacity of 1 farad when, if the voltage impressed upon it is changed at 
the rate of 1 volt per sec., 1 amp. of charging current flows. 

126. Capacity in A-c Circuits. —From the above discussion it is seen 
that a condenser has a sustained current only as long as the voltage is 
changing. A condenser connected to a d-c supply will not have a sus¬ 
tained current. In an a-c circuit, the voltage is continually changing 
from instant to instant. Therefore, when a condenser is connected to 
an a-c supply, an alternating current continues to flow. The current is 
first in one direction, charging the condenser, and then in the opposite 
direction discharging the condenser. 

The effect of capacity in an a-c circuit is that it produces opposition 
to the flow of the current and tends to make the current lead the voltage. 
For a pure capacity circuit (one with only capacity, no resistance) the 
current would lead the voltage by 90 degrees or J 4 cycle. For a circuit 
with both resistance and capacity, the current will lead the voltage by 
some angle between 0 and 90 degrees, depending upon the relative value 
of the resistance and the capacity. 

127. Capacitive reactance is the name given to the opposition to the 
flow of alternating current due to capacity. It is measured in ohms the 
same as resistance and inductive reactance. Capacitive reactance is 
designated by the symbol Xc . For a sinusoidal impressed voltage the 
value of the capacitive reactance is 


Xc 


1 

2irfc 


(33) 


where Xl ■* capacitive reactance in ohms; / = frequency in cycles per 
second; and C — capacity in farads. 

128. The angle of lead of a current in a capacitive circuit can be 
calculated from the following equation: 

Xc 

Tangent of angle of lag = -p (34) 


where Xc 83 capacitive reactance in ohms; and R =* a-c resistance (not 
d-c resistance). 

Also see method of Sec. 131. 

129. Impedance is the name given to the total opposition to the flow 
of alternating current. It is the combined opposition of resistance, 
inductive reactance, and capacitive reactance. Impedance is measured 
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in ohms and is expressed by the symbol Z The impedance of i 
circuit may be calculated by the following formulas 

For a circuit containing resistance, inductance, and capacity 

z = V# 2 + Txl - x c r 

For a circuit containing resistance and inductance 

z = V^+X" 2 

For a circuit containing resistance and capacity 

Z = \/R 2 + Xc 2 

For a circuit containing only resistance 

Z = R 

For a circuit containing only inductance 


For a circuit containing only capacity 

Z = Xc 

where Z = impedance in ohms; Xl = inductive reactance m 
and X c — capacitive reactance in ohms 

130. Relations between voltage, current, and impedance are 

E - IZ 
i~ E - 

z 

r, E 


where E = voltage impressed on cm uit in volts; 1 — current m amperes; 
and Z — impedance in ohms 

It is noticed that Ohm's law (Sec 64) cannot be used for a complete a-c 
circuit unless the circuit contains only resistance The same general 
precautions should be observed m using the above formulas for a-c cir¬ 
cuits as were given for Ohm’s law in Sec 68. The above equations will 
apply to a whole (lrcuit or to part of a c lrcuit 

131. The phase angle of a circuit containing resistance, inductance, and 
capacity can be found from the following formula 

Cosine of phase angle = ~ (44) 

wherein Z = impedance m ohms; and R ~ resistance in ohms 

132. Apparent power is the term applied to the product of voltage and 
current m an a-c circuit. It is expressed in volt-amperes (va ) or in 
kilovolt-amperes (kva ) 

133. Power factor is the ratio of the true power or watts to the apparent 
power or volt-amperes. The power factor is expressed as a decimal or in 
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percentage. Thus power factors of 0.8 or of 80 per cent are the same. 
In giving the power factor of a circuit, it should be stated whether it is 
leading or lagging. The current is always taken with respect to the 
voltage. A power factor of 0.75 lagging means that the current lags the 


220-Volt A.C. Motor 

V 



Fig. 46.— Example of power factor. 


voltage. The power factor may have a value anywhere between 0 and 
1.0 but can never be greater than 1.0. 


Example .—In Fig. 46, which shows a single-phase circuit, the ammeter I reads 
10 amp. and the voltmeter E, 220 volte. The apparent power is the product of volte 
and amperes or IE = 10 X 220 = 2,200 volt-amperes. But the wattmeter P reads 
1,870 watts. A wattmeter always indicates real or true power. Therefore the power 
factor (for a single-phase circuit) is 


Power factor 


true watts 
apparent power 


: 0.85 or 85 per cent 


134. The cosine of the angle of lag or lead is equal to the power factor. 

Cosines for different angles can be found in trigonometric tables in 
handbooks (see Sec. 10). The symbol 0, a Greek letter, pronounced theta, 
is often used to designate the angle of lag or lead; hence power factor is 
sometimes referred to as cos 0 (cosine theta). This means the cosine of 
the angle 0. 

135. The power factor in a noninductive circuit, one containing resist¬ 
ance only, is always 1, or 100 per cent, i.e., the product of volts and 
amperes in such a circuit gives true power. 

136. The power factor in a circuit containing inductance or capacity 
may be anything between 0 and 1 (0 and 100 per cent), depending on the 
amount of inductance or capacity in the circuit. 

137. Typical power factors of various kinds of central-station loads are 
as follows: 

Incandescent Lighting.—1.0. 

Incandescent Lighting with Small Stepdown Transformers.— 
0.95 to 0.98. 

Incandescent Street-lighting Series Circuits.— 0.6 to 0.8. 

Sodium-vapor Street Lighting, Parallel Circuits. —0.8 to 0.85. 

Sodium-vapor Street Lighting, Series Circuits. —0.5 to 0.7. 

Fluorescent Lighting. —Depends on type of auxiliary used, 0.5 
to 0.95. 

Mercury-vapor Lighting. —Depends on type of auxiliary used, 
0.5 to 0.95. 
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Single-phase Induction Motors, Squirrel-cage Rotor.—H o to 
1 hp., power factor, 0.55 to 0.75, average 0.68 at rated load; 1 to 10 hp., 
power factor, 0.75 to 0.86, average 0.82, at rated load. 

Polyphase Induction Motors, Squirrel-cage Rotor. —1 to 10 hp., 
power factor, 0.75 to 0.91, average 0.85 at rated load; 10 to 50 hp., power 
factor, 0.85 to 0.92, average 0.89, at rated load. 

Polyphase Induction Motors, Phase-wound Rotors. —5 to 20 hp., 
power factor, 0.80 to 0.89, average 0.86 at rated load; 20 to 100 hp., 
power factor, 0.82 to 0.90, average 0.87 at rated load. 

Induction Motor Loads in General.— Power factor from 0.60 to 
0.85, depending on whether motors are carrying their rated loads. 

Rotary Converters, Compound Wound. —Power factor at full load 
can be adjusted to practically 100 per cent. At light loads it will be lag¬ 
ging, and at overloads slightly leading. 

Rotary Converters, Shunt Wound. —The power factor can be 
adjusted to any desired value and will be fairly constant at all loads 
with the same field rheostat adjustment. Rotary converters, however, 
should not be operated below 0.95 power factor leading or lagging at full 
load or overload. 

Small Heating Apparatus. —This load has the same characteristics 
as an incandescent-lighting load. The power factor of the load unit is 
practically unity, but the distributing transformers will lower it to some 
extent. 

Arc Furnaces. —Power factor 0.80 to 0.90. 

Induction Furnaces. —Power factor 0.60 to 0.70. 

Electric-welding Transformers. —Power factor 0.50 to 0.70. 

Synchronous Motors.— Adjustment between 0.80 power factor 
leading to unity power factor. (1) Operating power factors above 0.95 
will be obtained only when practically all of the load is synchronous 
motors or converters which may be operated at practically unity power 
factor. (2) Power factors of 0.90 to 0.95 can be safely predicted only 
when the load is entirely incandescent lighting or heating, or if a large 
noninductive load, such as synchronous motors or converters, is used with 
a smaller proportion of inductive motor load. (3) For the average cen¬ 
tral-station load, consisting of lighting and motor service, a power factor 
of 0.80 should be assumed. (4) A power factor of 0.70 should be assumed 
for a plant having a large proportion of induction motors, fluorescent 
lighting, electric furnaces, or electric welding load. 

188. Kilowatts and Kilovolt-amperes (General Electric Company).— 
The term kilowatt (kw.) indicates the measure of power which is all 
available for work. Kilovolt-amperes (kva.) indicate the measure of 
apparent electrical power made up of two components, an energy com¬ 
ponent and a wattless or induction component. Kilowatts indicate real 
power and kilovolt-amperes apparent power. They are identical only 
when current and voltage are in phase, i.e., when the power factor is 1. 
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Ammeters and voltmeters indicate total effective current and voltage 
regardless of the powei factor, while a wattmeter indicates the effective 
pioduet of the instantaneous values of e m f. and current. A wattmeter, 
then, indicates real power. 

Standard guaranties on a-c generators are made on the basis of loads at 
80 per cent power factor Howevei, it must not be inferred that a 
given generator will deliver its rated power Volts x A 

output at all power factois The geneia NVA s — J q ' qq mp 
tor latmg in kilowatts will be reduced m 220x100 _ 22000 -* 2 km 

proportion to the power factor and prob- kw-iq® 00 1000 

ably in a greater ratio if the power fat tor _ _ , /* 

* Power Factor=£=82% 


A C Generator Voltmeter Reads 220 



Circuit Diagram 


062- cos JS° = Angle of Lag 
Computations 

K 18 KW - ->| 
Vector Diagram 


Fit. 47 lllusti itmg the distinction between kilowattb and kilovolt-amperes 


is very low The method of rating a-c generators by kilovolt-amperes 
instead of by kilowatts is now in general use 

In discussing an a-c load, it is well to state it in terms of kilowatts, 
power factor, and kilovolt-amperes, thus 200 kw , 80 per cent power factor 
(250 kva ) This shows that the eui rent m the circuit corresponds to 
250 kva. and heats the geneiatoi and conductors to that extent, but that 
only 200 kw is available lor doing work. An illustration of the distinc¬ 
tion between kilowatts and kilovolt-amperes is given m Fig 47 

139. Effects of Low Power Factor.— It is sometimes considered that the 
wattless component of a cunent at low powei factor is cuculated without 
an increase of mechanical input over that necessary for actual power 
requirements. This is inaccurate because internal work or losses due to 
this extra current are produced and must be supplied by the prime mover. 
Since these extra losses manifest themselves in heat, the capacity of the 
machine is 1 educed. Also wattless components of current heat the line 
conductors, just as do energy components, and cause losses in them. 
The loss in any conductor is always (see Sec 93) 

P = UR (45) 

where P = the loss in watts; I = the current in amperes in the conduc¬ 
tor; and R ** the resistance m ohms It requires much larger equipment 
and conductors to deliver a certain amount of powei at a low power factor 
than at a power factor close to unity. 
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140. Correction of Low Power Factor.—In industrial plants, excessively 
low power factor is usually due to underloaded induction motors because 
the power factor of motors is much less at partial loads than at full load. 
Where motors are underloaded new motors of smaller capacity should 
be substituted (see Induction Motors, Index). Power factor can be 
corrected by installing synchronous motors (see Index) which, when 
overexcited, have the property of neutralizing the wattless or reactive 
components of currents or by connecting static condensers across the line. 

141. A single-phase alternating c in.f. will be induced in an armature 
coil which (Si and F i, Fig. 48) has its sides set, in a generator frame, the 
same distance apart as are a north and a south magnet which are forced 
to sweep continuously past the coil sides at a uniform speed. The dis- 


Rear CoihConnecthn 

Revolving Fielol 



mg Field- ~ ^ ^ ^ M ^^^90 150 2K> 


r Stationary " -•*-"- - 

f Armature 0 W 11 

X Generator Connections H Phase Diagrotrn D 
(Arrows Show E M.F and Current 
Directionsqtf this Instant) 


11 Ml LL LLLLLil—i 11" 

---msssaf 

D W 120 180' '300 ’ 3M ' W ' llo ’ 1^0 240 JW 


2 


180 240 300 3M 

c Cf r e e s 
IH Graph of E.M.F. Impressed On Line 
Circuit 


Fig. 48. Elementary two-polo, single-phase a-e generatoi. 
taneo between a north and a south pole is always called 180 electrical 
degrees. The distance between a north and the next north pole is called 
360 electrical degrees. In any given generator, the circumferential dis¬ 
tance is the same between any two adjacent north and south poles. 

142. In actual a-c single-phase generators, there are a number of pairs 
of north and south poles arranged on a revolving-field st ructure. There is 
a corresponding number of coils arranged around the frame, each having 
its sides set approximately 180 electrical degrees apart. Then, the coils 
are connected in series so that their e.rn.fs. will be additive. The com¬ 
bination of their e.rn.fs. is the voltage which is impressed by the generator 
on the circuit. Some small revolving-armature a-c generators have rotat¬ 
ing armatures and stationary fields, but their principle is the same as that 
of the revolving-field machines. 

143. For a single-phase circuit the relations between kilowatt and 
kilovolt-amperes are 


,, volts X amperes 

Kilovolt-amperes = - - - — - 

1,000 

Kw. * kva. X power factor 

Power factor — 


or 

Kva. 

kw. 

kva. 


Kva. = 
kw. 


E XI 

1,000 


power factor 


(46) 

(47) 


For an example see Fig. 47. 


(48) 
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144. For a single-phase circuit, the following equations show the 
relations between power, current, voltage, and power factor. 

1 “ E X p.f. E = I X p.f. P =EX 1 X p f ' p f ’ “ ElU 

(49) 

where / = current in amperes; P — power in watts; E = pressure in 
volts between lines; and p.f. = power factor. 

Examples. —Figuies 47 and 49 show examples of application of the above equations. 
The product of volts and amperes (El) ih called volt-amperes, see above paragraph. 



Reads HO Volts Lamp Load 

Power Factor-35 


Reads 40 Amp 
Single Phase Generator 



Fig. 49.—A powei faetoi pioblem. 


Example — In the circuit of Iig 49, what is the actual load m watts? In kilowatts? 
Current =■ 40 amp voltage at load = 110, power factor of load = 95 per cent. 
Solution .—Substitute in the formula* 


P - E XI X p.f. = 110 X 40 X 0 95 = 4,180 watts 


Kw. 


watt s 

1,000 


4 180 

1,000 : 


4 18 kw. 


146. A two-phase current consists of two currents that differ in phase by 
90 degrees (see curves of Fig. 50). If t v\ o sets of coils arc arranged on an 

n sn an u:n -nn xsn x/i a 



I-G«n*rcitor Connections (Arrows 
Show EMF and Current Directions 
at th/s Instant) 

Fig. 60. —Two-pole, two-pliase, a-c genet ator 

piiiKiples. 


D e cj r e e s 
H-Grotphs of EMFs Impressed On 
Lin® Circuits 


illustrating elemental y 


armature (Fig 50) so that their “staits” Si and Si are 90 electrical 
degrees apart, then the e.m.f. in one set will attain its maximum value 90 
degrees later than that in the other. The e m f. will force two-phase 
currents through an external circuit. Instead of being on the same arma¬ 
ture, each of the sets of coils might be on different armatures which are so 
mechanically connected together as to preserve the 90 degree phase 
relation (see Croft, “Practical Electricity” and Div. 4 on Motors and 
Generators for information on practical machines). 
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146. Coil Connections for Two Phase.—Figure 51 allows three meth¬ 
ods of connecting two-phase generator coils. 



<a)-4 Wire (b)-3 Wire (c)- 5 Wire 

Fig. 51 —Connections foi two-phase gcneiatof windings. 


147. Relations of Voltage, Current, and Power That Apply to Balanced 
Two-phase Circuits.— 


2 E p X p.f. 


E '2/,Xp f. F ~ 2E " X Ip X pX 


Kilovolt-amperes = 


2/i’p X 


1,000 

kw. — k\a y p.r. 

„ . kw 


, ' | -2 ETXI, <“> 

or Kva. = (51) 


where /,, = current in amperes; E, t = phase voltage as designated m 
Fig. 51; P = power m watts* and i> 1 = power factor. 




010 90 150 ?|Q 270330 30 90 ISO 






h \ no °lV: 

D V 4 £ *S 



H-Phase Diagram 0 6% 120 180 24030036060 l?0 180 
I-Generator Connections Degrees 

H-Graphs of E M Fs Impressed 
on Line Circuits 

Fia. 52.—Two-pole, thiee-phase alternatoi insui ey 120 degi ees phase diffeientc 
between e.m fs. in line wiies. 


148. Application of the Two-phase System.—Several Years ago certain 
engineers advocated two-phase generators and distributing systems in 
preference to three-phase. It was then believed by them that unbalanced 
load on the phases would have less adverse effect on the performance of 
the two-phase equipment. Expenence has proved that the three-phase 
system is preferable to and more economical than the two-phase for both 
transmission and distribution. It is seldom that two-phase equipment 
is now purchased except for additions to existing two-phase installations. 
See Sec. 80 of Div. 3 for relative weights of copper for different systems. 
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149. A three-phase current consists of three alternating currents 
that differ in phase by 120 degrees, as indicated in Fig. 52. If three coils 
are arranged with their “starts,” S h S 2} and S», 120 degrees apart on an 
armature (Fig. 52) and connected each to an external circuit a single¬ 
phase alternating e.m.f. will be impressed by each coil on its own external 
circuit when the field is rotated at uniform speed. The e.m.fs. will differ 
in phase by 120 degrees and therefore will constitute a three-phase 
system. The currents in the circuits will be 120 degrees out of phase 
with each other. Three single-phase generators, if mechanically coupled 
together so as to maintain a 120-degree phase relation, would produce a 
three-phase system. Practical three-phase generators usually have more 
than two poles and consequently have more coils than indicated in Fig. 


K-Y-Connection with Common Return 


Hi-Star or ”Y H Connected IV- Delta (A) Connected 

Fiu. 53.— Connections for three-phase generator windings. 

52. Most alternating-current generators have revolving fields and 
stationary armatures. 

160. Coil Connections.—Figure 53 shows four methods of connecting 
three-phase generator (or other apparatus) coils and the external circuits 
for each. Method I, although it would work, is seldom used for economic 
reasons hereinafter given. It shows the elementary three-phase circuit 
and illustrates the principle. Each of the three phases would carry a 
current differing in phase by 120 degrees from the currents in the other 
two. One common return N, as shown at II can be substituted for the 
three return wires of I. Now with a balanced load, t.e., one loading 
each of the phases equally, this return wire would carry no current, hence 
it may be omitted (star or Y-connection of III). In IV is shown the 
delta connection. 

161. The voltage and current relations in a star or Y-connected three- 
phase circuit are indicated in Fig. 54. The armature coils of the generator 
shown in Fig. 54 are 120 electrical degrees apart (Fig. 52). These e.m.fs. 
will combine as shown in the phase diagram (Fig. 54) to produce the 
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voltage E between line wires. The resultant voltage developed by any 
two of the coils is then equal to VS or 1.73 times the voltage developed 
in one coil. The following formulas show the relation of voltage and 


Ammeter 



\ HI-Effective Voltage and 
L Current Relations 


I Generator Connections 
( Arrows show E M F and 
Current Directions l™™* 
at this Ins font) (Effective EMFs) 

Fig. 54.—Star or Y-connected, thiee-phase goner atoi and diagrams. 


current in the circuit. ( Vll are effective values and balance is assumed. 
See Fig. 54.) 


I — I v 

E = E P X V 3 = E Jt X 1.73 
E E 


E v = 


Vs 173 


= E X 0.577 or approx. E v — 0.58 E 


In — 0 


(54) 

(55) 

(56) 

(57) 


where I — amperes p(‘r phase in the line; /,, = amperes per phase in 

each coil; E = volts 
between phase wires 
on the line; E P = volts 
across each group of 
armature coils con¬ 
nected across each 
phase; and E i = volts 
between phase wires 
and neutral. The 
coils in Fig. 54, III 
may represent the 



Fig. 55.- 


-Incandescent lamp gioups connected in 
star or Y. 


phase windings of a three-phase generator or transformer, or each coil 
may represent a transformer or other device, three of which are Y con¬ 
nected on a three-phase line. 

Example .—What will be the voltage across line wires of the three-phase circuit for 
the 120-volt, Y-connectcd lamps, in Fig 55 ? 

Solution .—Substitute in the formula: E *= E P y/z = 120 X 1.73 = 208 volts. 


152. Relations for a delta-(A) connected, three-phase circuit are shown 
in Fig. 56. When armature coils of a generator, see I, are connected as 
indicated, the voltages generated in them are 120 degrees apart. It 




Div. lj 


FUNDAMENTALS 


61 


would appear that the current might flow around through the coils and 
not into the external circuit, but it is evident from the phase diagram 11, 
that the sum of the effective voltages 1 and 3 generated by two of the 
ooils is equal and opposite to that of the third Hence, instead of tending 
to force current around internally, the voltages tend to force current out 



Current Directions 
at this Instant) 


I ig 5b—Dcltt (A)-toiinet ted thiee phase genei itoi and encuit 


into the lint Ihe following formulas indicate the relations of the 
voltages and currents (ill arc effective values, and the circuit is 
assumed to be baknc ed See b ig 56 ) 

/ = lp X \/3 = /, X 1 73 (58) 

I p = = / X 0 577 or approx 1 p = / X 0 58 (59) 

E = E, (60) 

where the symbols have the same meanings as in the preceding para¬ 
graph 

Notf lack coil (Tig d(>) may lej resent the ph ise windings of a three phase 
tr msformer or generator or each coil may represent a transformer or other device three 
of which ire A connected on a three phase line 

Example —If each of the coils of the geneiator m 1 ig 5(> tan carry 100 amp what 
value of current may he drawn from the line wires leading from the machine^ 
isolation —Substitute in the formula 

/ = /, X V3 = 100 X 1 73 = 173 amp 


153. Relations of voltage, current, and power that apply to any 
balanced three-wire three-phase circuit either delta or Y connected.— 

3 Photsejeneroitor j Phoi5e Woltfnieter 


Htoy Be A Or 
YConnected 


—W— t X—1 

Ammeter It; 1 

__ 

■ft 



p 


To Bo/loinceol 
Three Photpe 
Lootol Which 
L*+.Moty Be 
—► Either A 
r orY 
Connected 


Fig 


' Wt’meter 

Relations for any (A- or Y-conneeted) thiee-phase circuit 


Refer to Fig 57 for a key to the letters that appear in, the following 
formulas For a unity power factor load 
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and all a-c circuits of ordinary voltages and frequencies. The watts 
power loss P reappears as heat power and heats the conductors. 


Example .—What is the power loss in the incandescent lamp in Fig bl f 



Solution .—Substitute in the formula. 

P - J2 X R - (2.2 X 2 2)98 - 4.84 X 98 - 474 watts 

Example —What is the power loss in the inductive winding 
of Fig. 62, with an alternating current of 3 amp.’ 

Solution .—Substitute in the formula: 

P - /s X R = (3 X 3)7 =• 9 X 7 - 63 watts 


Fio 62.— Effec¬ 
tive resistance in 
an inductive a-c cn- 
cuit. 


Note. —In the circuit of Fig 62 the resistance of the coil 
to direct curient is only 5 ohms. The increase in resistance 
to alternating current over its d-c value is due to the power 
losses pioduced in the iron core (refer to Sec 115). 


156. Approximate Sparking Distances, in Air, for Various Mean Effective 
Voltages between Sharp Needle Points. Sine-wave-form Voltage 

(Locke Insulator Company) 



Distance 


Distance 


In 

Cm. 


In 

Cm. 

1,000 

0 0b 

0 152 

20 000 

1 00 

2 54 

2,000 

0 13 

0 33 

25 000 

1 30 

3 3 

3,000 

0 lb 

0 41 

30,000 

1 63 

4 1 

4,000 

0 22 

0 56 

35,000 

2 00 

5 1 

5,000 

0 23 

0 57 

40,000 

2 45 

b 2 

10,000 

0 47 

1 19 

.50,000 

3 55 

9 0 

15,000 

0 73 

1 84 

100 000 

9 60 

24 4 


Note —Above 100,000 volts, the gap between needle points is approximately 1 in. 
per 10,000 volts. Using infinitely sharp needle points up to at least 10,000 volts, a 
graph of the voltage and the corresponding sparking distance would probably result 
in a straight line passing through the origin. (Ii. W. Fisher, Trans. Int. Elect. Cong., 
1904, Vol. II, p. 294 ) 

166. Dielectric Strength.—When there is an e.m.f. between two con¬ 
ductors that are separated by an insulating material, there are electrical 
forces exerted upon the electrons in the atoms of the insulating material. 
These electric forces are trying to pull the electrons out of the atoms. 
If these forces succeed in pulling the electrons out of the atoms, the 
material ceases to be an insulator and becomes a conductor. When this 
occurs, it would be said that the insulation had broken down. When 
the voltage between the conductors is small, the forces exerted in the 
atoms are not great enough to pull the electrons out of the atoms. As 
the voltage between the conductors is increased, the forces on the elec¬ 
trons are increased. If the voltage continues to be increased, the forces 
will eventually become great enough to pull the electrons out of the atoms 
and the insulation will break down. The voltage at which the material 
ceases to be an insulator is called the breakdown voltage. Any insulating 
material can be broken down and cease to be an insulator if the voltage 
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impressed across it is raised high enough. The breakdown voltage of 
any material depends upon the thickness, condition of the surface, and 
homogeneity of the material. The breakdown voltage does not increase 
directly with the thickness of the material, a piece of material 2 in. thick 
will break down at a voltage less than twice the breakdown voltage of a 
piece 1 in. thick. Any irregularities or sharp points on the surface will 
lower the breakdown voltage. 

It is the above considerations that govern the thickness of insulation 
required on conductors, the spacing of bare conductors, distance between 
live parts and ground, etc. 

157. Bus-bar Spacings, Minimum Distance between Parts of Opposite 
Polarity and Minimum Distance between Live Parts and 
Ground for Different Voltages 

(Electrical Engineer's Equipment Co.) 


Voltage 

Distance between 
centers of buses, 
in. 

Minimum distance 
between opposite 
live parts, in. 

Minimum distance 
between live parts 
and ground, in. 


A 

B 

A B 

A B 

250 

n 

2 - 2>«i 

1 - 2 

«- IK 

600 

o 

- 3 

IK- 2H 

1-2 

1,100 

4 

- 5 

2K- 3V* 

IK- 2K 

2,300 

5 

- 

2«- 4 ! 

2 - 2K 

4,000 

6 

- 7 K 

3 - 4K 

2K- 3 

6,600 

7 

- 8 

3K- 4K 

2K- 3 

7,500 

8 

- 9 

4 - 4K 

2K- 3K 

9,000 

9 

- 10 

4K- 4K 

3 - 3K 

11,000 

9 

- 11 

4K- 4K' 

3K- 3« 

13,200 

9 

- 12 

4^- 5 

3K- 4K 

15,000 

9 

- 14 

5 - 5K 

3K- 4K 

16,500 

10 

- 14 

5 Vi- C 

4K- 5 

18,000 

11 

- 14 

0-7 

5 - 6 

22,000 

12 

- 15 

7 H- 9 

6-7 

26,000 

14 

- 16 

10 -12 

8-9 

35,000 

18 

- 22 

12 -15 

10 -12 

45,000 

22 

- 27 

16 -18 

13K-15 

56,000 

28 

- 31 

17 K -16 

16 -17K 

66,000 

34 

- 38 

22 24 

18 K -23 

75,000 

36 

- 42 

20 -30 

25 -27K 

90,000 

46 

- 54 

32 -35 

27 -29 

104,000 

54 

- 60 

34K-39 

28K-32 

110,000 

60 

- 72 

38 -41 

33 -36 

122,000 

66 

- 78 

42 -47 

35K-39 

134,000 

74 

- 84 

48K-50 

39 -41 

148,000 

82 

- 96 

59 -67 

45 -50 

160,000 

88 

-104 

70 -84 

53 -62 


Note. —The distances given in the A columns are based on a safety factor of 3.5 
between live parts of opposite polarity and safety factor of 3 between live parts and 
ground. B column shows good practice for the larger plants. Tubular busses should 
be used on all busses above 22,000 volts. Bus support porcelains should have a wet 
test of two times voltage used. 
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MEASURING, TESTING, AND INSTRUMENTS 

158. Electricians often test circuits for the presence of voltage by 
touching the conductors with the fingers. This method is safe where 
the voltage does not exceed 250 and is often very convenient for locating 
a blown-out fuse or for ascertaining whether or not a circuit is alive. 
Some men can endure the electric shock that results without discomfort 
whereas others cannot. Therefore, the method is not feasible in some 
cases. Which are the outside wires and which is the neutral wire of a 
115/230- volt, three-wire system can be determined in this way by noting 
the intensity of the shock that results by touching different pairs of wires 
with the fingers. Use the method with caution and be certain that the 
voltage of the circuit does not exceed 250 before touching the conductors. 
(This and the several paragraphs that follow are taken from Electrical 
Engineering.) 

169. The presence of low voltages can be determined by tasting. 

The method is feasible only where the pressure is but a few volts and 
hence is used only in bell and signal work. Where the voltage is very 
low, the bared ends of the conductors constituting the two sides of the 
circuit are held a short distance apart on the tongue. If voltage is 
present a peculiar mildly burning sensation results, which will never be 
forgotten after one has experienced it. The taste is due to the electro¬ 
lytic decomposition of the liquids on the tongue which produces a salt 
having a taste. With voltages of 4 or 5 volts, due to as many cells of a 
battery, it is best to test for the presence of voltage by holding one of the 
bared conductors in the hand and touching the other to the tongue. 
Where a terminal of the battery is grounded, often a taste can be detected 
by standing on moist ground and touching a conductor from the other 
battery terminal to the tongue. Care should be exercised to prevent 
the two conductor ends from touching each other at the tongue, for if 
they do a spark can result that may burn. 

160. The magneto test set is one of the most valuable testing instru¬ 
ments to the practical man because of its simplicity and the fact that it is 
always ready for service. Figure 63 shows the circuit and Fig. 64 a 
perspective view of a testing magneto. The apparatus consists of a small 
hand-operated, a-c generator in series with a polarized electric bell. 
Alternating current will ring bells of this type. If the external circuit 
connected to the terminals of the magneto is closed and the crank of the 
generator is turned, current will flow and the bell will ring. 

The resistance through which magnetos will ring is determined by 
their design. An ordinary magneto will ring through possibly 20,000 to 
40,000 ohms. Electrostatic capacity effects must be considered when 
testing with a magneto. When testing long circuits, such as telephone 
lines or circuits that are carried in cable for a considerable distance, the 
bell of the magneto may ring, owing to capacity, apparently indicating a 
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short circuit, whereas the circuit may be perfectly clear or open. Circuits 
associated with iron, such as field coils of generators, may have consider¬ 
able inductance. With highly inductive circuits under test, the magneto 



Fia. 63.—Circuits of testing magneto. 


may “ring open,” i.e., the bell may not ring at all, even though the induc¬ 
tive circuit connected to it be actually closed. In ordinary interior-wiring 


work the effects of capacity and inductance are usually negligible, and the 



true condition of the circuit will be indi¬ 
cated by the performance of the magneto 
bell. 

161. A telephone receiver in combination 
with one or two dry cells constitutes an ex¬ 
cellent equipment for certain tests. A 



Fiu. 64.—Assembly of testing 
magneto. 


Fia. 65.—Head-telephone and 
dry-battery testing set. 


“head”-telephone receiver (Fig. 65) is usually preferable to those of the 
watchcase types, because it is held on the head by the metal strap, allowing 
the unrestricted use of both hands. Metal testing clips are soldered to the 
flexible testing cords. The telephone receiver is extremely sensitive and 
will give a weak “click” even when the current to it passes through 
an exceedingly high resistance. In using, one clip is gripped on one 
conductor of the circuit to be tested and the other clip is tapped against 
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the other conductor. Prolonged connection should be avoided because it 
will “run down” the battery. A vigorous click of the receiver indicates 
a closed circuit, while a weak click or none at all indicates an open circuit. 
After practice it is possible to determine approximately the resistance of 
the circuit under test by the intensity of the receiver click. When the 
battery and receiver test set are connected to a circuit having some electro¬ 
static capacity, the receiver will give a vigorous click when the clips are 
first touched to the circuit terminals, even though the circuit be open. 
With successive touchings the click will diminish in intensity if the circuit 
is open but will not diminish appreciably if the circuit is closed. 

162. The advantages of the telephone receiver over the magneto for 
work of certain classes are (1) The receiver and battery outfit costs little. 
(2) The outfit can be made so compact that it can be carried in the pocket. 

(3) In making insulation tests with a mag¬ 
neto the circuit may “ring clear,” ?>., the 
bell will not ring, apparently indicating 
high insulation resistance, whereas the cir¬ 
cuit may not be clear, but instead the 
magneto may be out of order or its local 
circuit open. The indication is negative. 
With the telephone receiver a slight click 
„ . , „ is produced even when testing through 

IG * * outfit*" te8tinR the highest resistances. The absence of a 

click usually signifies an open in the test¬ 
ing apparatus itself. Thus the telephone receiver indication is positive. 

163. A telegraph sounder is sometimes used for testing. It is con¬ 
nected in the same way as the telephone receiver of Fig. 65 and is adapta¬ 
ble for rough work. When the circuit under test is closed and the flexible- 
cord clips are touched to the circuit conductors, the sounder clicks. 
Where the circuit is open there is no click. One feature of the sounder 
method is that the click is audible at a considerable distance from the 
instrument. 

164. An electric-bell outfit for testing is shown in Fig. 66. When the 
free ends for testing are touched to a closed circuit of not too high resist¬ 
ance the bell rings. Where the circuit is open the bell will not ring. 
Flexible cord can be used for the testing conductors of the outfit, and test¬ 
ing clips can be provided as in Fig. 65. 

166. A test lamp (Fig. 67), consisting merely of a weatherproof rubber- 
insulated socket into which is screwed an incandescent lamp of the highest 
voltage rating of the circuits involved, is very convenient for rough tests 
on interior-lighting and motor-wiring systems. Porcelain sockets are 
undesirable because they are so readily broken. Brass sockets should not 
be used because they may fall across conductors and thereby cause 
short circuits. Testing clips may be soldered to the ends of the leads 
which are molded in the socket. Some uses of the testing lamp are given 
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in a following paragraph, and it is very convenient for testing for defective 
fuses. 

166. A very convenient and inexpensive test outfit consists of a pointer 
which moves along a scale inside an insulated case (Fig. 68). It indicates 
whether the circuit is alternating or di- t ubber , nsuMee , conductors 

rect current by vibrating on alternating 
current, the frequency of vibrations 
showing whether it is 25 or 60 cycles. 

It indicates the range of voltage of the 
circuit up to 550 a.c. or 600 d.c. The 
sharp points on the end of the lead wires 
can be used to pierce insulation for 
checking insulated leads without de¬ 
stroying the insulation. 

167. Neon-glow lamp testers provide 

a very convenient and compact device 
for determining if a circuit is live, for 
determining polarity of d-c circuits, and ■ Fig * 67 * A practical test-lamp 
for determining if a circuit is alternating ou 

or direct current. A neon tester for low-voltage work is illustrated in Fig. 
69. It consists of a very small neon lamp in series with a 200,000-ohm 
protective resistance enclosed in a molded case. This tester is satisfac¬ 
tory for use on circuits of from 90 volts d.c. or 60 volts a.c. to 500 volts a.c. 
or d.c. With the test tips connected to a circuit, the presence of voltage 





I. Assembly. II. Schematic diagiam. 

Fig. 68.—Voltage tester, 110 to 600 volts. {Square D Co.) 


within the above limits will be indicated by the glowing of the neon lamp. 
If both electrodes in the bulb glow the voltage of the circuit is alternating. 
On direct current, only one electrode, the one connected to the negative 
side of the circuit, will glow. With experience the voltage of the line can 
be approximately determined by the intensity of the glow. In testing a 
circuit it is best first to touch only one side of the line with one test tip, 
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keeping the other test tip free. A glow with this connection will indicate 
the presence of high voltage. The tester indicated is well constructed for 
safety. The molded case has a voltage breakdown value of 25,000 volts, 
and the leads are insulated for 5,000 volts and 
provided with insulated test prods. 

Glow-tube testers are available for testing for 
the presence of voltage on high-voltage circuits. 
In testing high-voltage circuits by this means, no 
direct connection is made to the circuit. The 
end of the tester which contains the glow tube 
is simply held in proximity to the circuit. The 
changing electrostatic field will ionize the gas 
inside the tube and cause it to glow. These 
testers or statiscopes as they are called will indi¬ 
cate the presence of potential in a-c circuits, 
pulsating d-c circuits, X-ray equipment circuits, 
static from belting, high-frequency circuits, con¬ 
denser discharges, and automobile ignition. 
On a-c circuits they will give positive indication 
on 2,000 volts and up. Materials which will 
act as shields to the electrostatic field, such as 
lead on underground conductors, metal cabinets, 
and grounded framework, must not be between 
the tester and the conductors of the circuit being tested. A pocket type 
of statiscope is shown in Fig. 706. They are also made in types especially 
adapted for the testing of overhead lines and station equipment (Fig. 70a). 

168. Rules for Use of Ammeter and Voltmeter (Tiinbie, “Klements of 
Electricity").—Place ammeter in series, always using a short-circuiting 


(a) Station Type 



]}!!! 


Periscope attachment 
tor use outdoors 
in sunlight 



Fig. 69. Neon glow- 
lamp tester. (. Little- 
fuse, Inc.) 



(b) Pocket Type 

Fit;. 70.—Statiscopes. (Mincrallac Electric Co.) 


switch, where possible, as shown in Fig. 71, to prevent injury to the instru¬ 
ment. Place voltmeter in shunt (Fig. 71). Put the + side of the instru¬ 
ment on the 4- side of the line. Figure 71 shows the correct use of an 
ammeter and a voltmeter to measure the current and the voltage supplied 
to the motor. The short-circuiting switch S must be opened before the 
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ammeter is read. All the current that enters the motor must then flow 
through the ammeter and be indicated. The ammeter is of very low 
resistance (about 0.001 or 0.002 ohm) and does not appreciably cut down 
the flow of current. The voltmeter is of very high resistance (about 
15,000 ohms) and does not allow any appreciable current to flow through 
itself. Yet enough goes through the voltmeter to cause it to indicate the 
voltage across the terminal AB of the motor. Suppose the voltage across 



Fig. 71.—Aminctci and voltmeter connections. 


the motor to be 110, what would happen if an ammeter of 0.002-ohm 
resistance were by mistake placed across AB ? (Remember Ohm’s law is 
always in operation.) 

169. All ammeters and voltmeters (except electrostatic) consume 
power when in use and introduce some error (Timbie, u Elements of 
Electricity”). For minimum error (see Fig. 72,1) when measuring a low 
current and high voltage, the voltmeter should be placed around both the 
ammeter and the apparatus under test. 



Measuring Low Current and Measuring Large Current at 

High Voltage. Low Voltage. 

Fig. 72.—Coirect methods of connecting instruments. 


1\ hen measuring the power consumed by a piece of apparatus, through 
which a large current at low voltage is flowing, the voltmeter should be 
placed immediately across the piece of apparatus under test and not across 
the ammeter (Fig. 72, II). 

170. Ohm’s law is often applied in making determinations of resist¬ 
ance, voltage, current, and power. In Secs. 68 and 69 examples are given 
that indicate the application of Ohm’s law to measurements. 

171. A method of measuring current with a voltmeter is shown in Fig. 
73. If a resistor of known resistance is connected in series in a circuit and 
the voltage across the coil measured with a voltmeter, the current can be 
determined by Ohm’s law, thus: 
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Example (Ag 73) —If the drop around 0 4-ohm resistance in senes in a circuit is 
20 volts what is the current in the circuit } 

Solution —(substitute m the Ohms law foi- 
mula 

E 20 





I - ^ 


= 50 amp 


Fig 73—Ourieiit measurement 
with voltmeter 


172. A milhvoltmeter is generally 
used for making measurements like that 
of Set 171 A milhvoltmeter reads in 
thous indths of volts so that a resistor of 
small resistance can be used Am- 
mclcis, particularly those for large cur¬ 
rents, are often millnolt outers calibrittd in amperes which are connec¬ 
ted around a resistor, in senes with the circuit (big 74) The resistor 
is sometimes in the instrument c ise and is sometimes inserted in the bus 
bars of a switchboard (see I lg 74) 

Such resistors are called shunts and 
when furnished by instrument makers 
are carefully calibrated 

173. Resistances can be measured 
with a voltmeter as indicated m Fig 
75 This method is satisfactory for 
the measurement of resistances whose 
values range from a few to a few 
hundred ohms A resistor of known resistance, a source of direct cur¬ 
rent, and one voltmeter are required The same constant current flows 
through both the known and the unknown resistance The voltmeter 



lib 


External Shunt 

74 —Millivolt meters and 
shunts 


Any Source Of F M F 



reading E is taken and then the read¬ 
ing E x The voltage drops will be pro¬ 
portional to the lesistames or 

R R x 
E E x 0 


R *=—g~^ (70) 


- E»r r 

Reads SO Volfs Reads 42 Volts 
1 ig 75 —Resistance measure¬ 
ment 


trample —Substituting the values from 1 ig 
75 m the formula 




Ex X R 


42 X_2 
30 


84 

30 


— 28 ohms 


174. Very small resistances can be measured, as indicated in Fig 7b, 
with an ammeter and with a voltmeter This method is generally 
satisfactory for resistances having a value of less than 1 ohm and is 
convenient for measuring the resistance of bus bars, joints between 
conductors, switch contacts, brush-contact resistance, and other low 
resistances. As large a current as is feasible should be used. This is 
another application of Ohm’s law 

Example —What is the resistance of the poition of the bus bar between A and B 
Pig 70? 
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73 


R 


E 0.008 
/ " 50 


0.00016 ohm 


In the application of Ohm’s law as given here, the current through the 
voltmeter is neglected. Since the resistance of the voltmeter is generally 
large compared with the resistance to be measured, the error involved by 
neglecting the voltmeter current is generally negligible. 

176. Insulation resistance is frequently measured as suggested in Fig. 
77. A voltmeter of known resistance, preferably of high resistance, and a 
source of e.m.f. (batteries or a 
generator) are required. First 
the voltage of the e.m.f. source 
is taken as shown at I or II. 

The apparatus is then arranged 
as shown at III to measure the 
resistance from each side of the 
circuit to ground. At IV or V 
are shown the connections for 
measuring the resistance between conductors. If E — voltage of source; 
Ei = reading of voltmeter when connected in series with insulation resist¬ 
ance to be measured; R r = resistance, in ohms, of voltmeter; and R x = 
insulation resistance sought, the following formula is used (see Fig. 77): 


Copper 
Bus Bar 


(^^Sourr 


Steeds Volfs 


a 


*'Source of Electricity 

(l 

Fig. 76. 




.'Resjsfanee 
to /Em it the 
current 


Reads 50Amp. 

Measurement of very low 
resistance. 


R* 




') 


(71) 



I. 

With Batteries. 


I. 

With Generator. 
Taking First Reading. 


|f 

l 

Ground 

Connection. 


; 

cfcgj 


nr. 


,, Circuit underTest 


j j i i i 

! v r | *r 


Leakage Baths 

to Ground*' 


i * \ a\ 


General 



Reading for Resistance 
to Ground. 


Circuit 

Y underTest 

Reading for Resistance 
between Conductors. 


Measuring Insulation Resistance 
Fig. 77.—Measuring insulation resistance. 


Example .—In a certain test (Fig. 78) where a 110-volt generator was used as a source 
of e.m.f. and a voltmeter having a resistance of 15,000 ohms was used to read voltages 
the readings indicated in Fig. 78 were obtained. What was the insulation resistar 
to ground of each side of the circuit and what was the insulation resistance betw 
circuits? 
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Solution .—Foi the lesistanco of conduetoi 1 (see Fig 78) substitute m the founula 

Rx . R t - 15,000 - l) = 15 000(22 - 1) - 15,000 X 21 

“ 315,000 ohms — insulation resistance of (omluitoi 1 to giound 
For the resistance of conductor 2 (see Fig 78, III) 

Rx - Rv (Jj - l) - 15,000 - 1^ = 15,000(27 5 - 1) = 15,000 X 20 5 

= 307,500 ohms = insulation resistance of conductor 2 to ground 
For the insulation resistance between conductors 

Rx * Ro - l) « 15,000 ~ 0 = 15,000(55 “ * 15,000 X 54 

*=> 810,000 ohms * insulation resistance between conductors 1 and 2. 


1/0 Vo/t Generator 



Reading for Insulation Reading for Insulation Re- Reading for Insulation Resis- 
Resistance of Conductorl. sistance of Conductor 2. fane* Between Conductors 


Fig. 78. Example of insulation resistance measuiement 



Fit*. 79. Meaauinig insulation Fit.. 80. - Mcasuung insulation 
lesistance of a generatoi. icsistance of a motoi. 


176. The insulation resistance of a generator can be determined with 
a voltmeter of known resistance which is successively connected and read 
in positions I and II (Fig. 79). The formula of Sec. 176 is used. The 
external circuit connected to the generator should be cut off while 
the measurements are being taken, so that its insulation resistance will not 
affect the readings. 

177. The insulation resistance of a motor can be measured with a 
T oltmeter as suggested in Fig. 80. The formula of Sec. 176 is used. 

xless the external circuit has high insulation resistance, its resistance will 
ct the result. 
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178. The ohmmeter (Fig. 81) is an instrument to measure resistance 
where accuracy of about *£ of 1 per cent is satisfactory. It consists 
of a sensitive galvanometer and a number of resistances which can be 
successively connected into the circuit with a selector switch in order to 
obtain several scale 

ranges. From one to 

four dry cells, the num- « 

ber depending on the V —* *** j 

resistance range to be 
used, are connected in 
series across one pair of 
terminals. The resist¬ 
ance to be measured is 
connected across another 
pair of terminals. There 
is an adjusting rheostat 
to compensate foi changes 
m battery voltage, and 
the zero reading must be 
checked and adjusted be¬ 
fore taking a resistance 
reading. The scale is 
ca 1 ibrated directly in 
ohms. 

179. A megger (Fig. 82) is an instrument frequently used to measure 
high lesistance. It consists of a magneto which is turned by a crank on 
the side of the case The scale is calibrated directly in ohms. The 


0 


3 




Fig. 81.—Ohmmeter. (Weston Electrical In¬ 

strument Corp ) 


Carrying 

Handle 


Index 
Adjuster i 
(infinity corr) | 

^ $ 
On High Range^^ 
Instruments only 


To Conductor of 
Circuit or Machine 
Under Test 


Levd Scale 
Ranter ' Rat , a 
Switch 



Discharge Switch 
(not regular(y 
supplied on all sets) 
'Crank-folds up 
when not m Use 
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Fig. 82.—Meggei. ( James G. Biddle Co.) 


resistance to be measured is connected across two terminals. The crank 
is turned at a moderate speed (about 120 r.p.m.) until the pointer reaches 
a steady deflection. 

180. Power, in d-c or unity-power-factor, single-phase, a-c electric 
circuits, can be measured with a voltmeter and an ammeter. For twe 
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wire circuits the power in watts, in accordance with Ohm’s law equals 
the product of volts times amperes, thus 


I XE 


(72) 


where P = the power in watts; I — the current in amperes; and E — the 
e.m.f. in volts. 


Ammeter 

Reads 40Amp 


, ^Reacts 

I Voltmeterl t ) 220 
J Volts 



Ammeter 

Reads 3Amp 


Voltmeter-^) III 
Rea ds! IQVolts^f | | ] 


Fib. 83.—Power measuiements. 

Example .—See Sec. 94 for examples of power probh ms. Although no m&tiuments 
are shown in these, the pumiples are the same as if instruments were used. 

Example .—In Fig. 83, I, the 
power taken by the motor is, 
substituting m the formula. 



2 Phase 
Motor 


I- 2 Phase 4 Wire System with 2 Single Phase Wattmeters 


2 Phase 

3 Wire 
System 


I X E = 40 
X 2 20 = 


8,800 watts 
8,800/1,000 



of m kilowatts 
= 88 kw. 

Example .—In Fig 83, II, the 
power taken by the lamps is 

P -I X E = 3 

X 110 = 330 watts 


or in kilowatts 
0 33 kw. 


330/1,000 


I* 2 Phase 3Wire System with 2 Smqle Phase Wattmeters 
^Polyphase Wattmeter 


Lmel 

2 Phase , 

3 Wire Neutral 
System 



2 Phase 

3 Wire 
Motor 


181. Power in single- 
phase, a-c circuits must 
be measured with a 
wattmeter unless the pow¬ 
er factor is unity. A 
wattmeter may also be 
employed for measuring 
the power of a d-c cir¬ 
cuit. A wattmeter has 
two internal coils, namely, a voltage coil and a current coil. The voltage 
coil is connected across the circuit in which the power is to be measured, 
and the current coil is connected in series with the circuit. The watt¬ 
meter gives a direct indication of the power of the circuit. Two methods 
of connecting a wattmeter for measuring the power of a d-c or of a single¬ 
phase, a-c circuit are shown in Figs. 46 and 47. In Fig. 46 the voltage 
oil is connected between the generator and the current coil of the watt- 


IH- 2 Phase 3 Wire System with a Poly- phase Wattmeter 
Fig. 84. —Measuiement of power in two-phase 
systems. 
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meter, while in Fig. 47 the voltage coil is connected between the load and 
the current coil of the wattmeter. The connection of Fig. 46 should be 
used for loads of small current and that of Fig. 47 for loads of large 
current. 

182. Power in a two-phase system can be measured with two single¬ 
phase wattmeters connected as shown in Fig. 84. Each phase is treated 
as a separate circuit. One wattmeter reads the power of one phase, and 
the other the power of the second phase. The total power is the arith¬ 
metical sum of the two wattmeter readings, i.e ., 

Total power - Pi + (73) 


A polyphase wattmeter, connected as shown in Fig. 84, III, can be used 
for the measurement of the power of a two-phase system. 

Line f /^5i Single-Phase Wattmeter 



183. Power in three-phase circuits can be measured with wattmeters 

by several different methods (see Fig. 8.5). At I a polyphase wattmeter 
is shown. An instrument of this type automatically adds the portions of 
power consumed in each phase and indicates their sum. Instruments 
made by different manufacturers are arranged differently and must be 
connected accordingly. Directions accompany each instrument. Dia¬ 
grams II and III show how the power can be measured, in a balanced 
circuit, with one wattmeter. One pressure lead is connected to the line in 
which the wattmeter is inserted, and the other pressure lead is connected 
successively to the other two lines. The total power in II is equal to the 
sum or difference of the two readings. If resistors are used as indicated in 
III, the power can be ascertained without any shifting of leads. The 
wattmeter reading of III multiplied by 3 will be the true power in a 
balanced circuit. The resistance of each of the resistors R and R must be 
equal to the resistance of the potential or voltage coil of the wattmeter. 

With two wattmeters (as in Fig. 85, IV) the total power is equal to the 
(sum or difference) of the two wattmeter readings. If the power factor is 
greater than 0.50 the total power is the arithmetical sum of the readings. 
If it is lower than 0.50, one of the readings is negative and the power i 


78 


AMERICAN ELECTRICIANS 1 HANDBOOK [Div. 1 


their anthmetical difference To ascertain whether one of the watt¬ 
meters is reading negative, temporarily transfer the connection of one of 
the potential wires (for example c m IV, as shown by the dotted line) from 
the middle wire to the outside wire If its wattmeter reverses, one of the 
instruments, that of the lesser indication, is reading negatively The 
nature of the load usually enables one to judge roughly what the power 
factor is With incandescent lamps and fully loaded motors the power 
f ictor will be high but with under and lightly loaded motors it is likel} 



Case I — Both readings positive- D/v/de smaller by /arger readng find th/s rat o 
on right side of center /me above Follow up the ordinate at th/s point to its mtet — 
section with curve Opposite this on center t/ne find correspond ng % power factor 


Casell -One read ng negative — Divide negative by positive read ng find this rat a 
on leftside of center hneabove Fot/ow up the ordmateat this po/nt to its inter¬ 
sect on with curve Opposite this on center I nef nd corresponding % power factor 

Iio SO—Powei-facial cuive 


to be low Sec See 185 for method of determining the power factor of 
thiee-phase ciicuits with wattmeters. 

184. The power factor of a eueuit can be determined from readings of 
voltmeters, ammeters, and wattmeters by use of the formulas of Sees 
143, 147, and 153. The powei factors of eire uits can also be determined 
by instruments called power-factor meters, which when properly con¬ 
nected m a circuit read the power factor directly 

185. The method of determining three-phase power factor with watt¬ 
meters was well described by C E Howell in Electrical World It is 
necessary to know the power factor m order to connect watt-hour meters 
correctly where the wiring is concealed An abstract follows 

Figure 86 shows the power-factor curve for two single-phase meters on 
a polyphase circuit It also gives a diagram of connections and instrut- 
ions as to how to use the curve The figure should be self-explanatorv 















Div. 1] 


FUNDAMENTALS 


79 


Figure 87 gives, first, a method of cheeking results obtained by employ¬ 
ing the curve given in Fig 86 and a diagram of the connections for obtain¬ 
ing data for the check The second part of Fig 87 gives a method oi 
determining the correct connections for two single-phase meters, or one 
polyphase meter, on a three-phase circuit If this part of Fig 87 is 
followed, errors m meter connections on three-phase circuits due to the 
power factor being 
near 50 per cent 
should be minimum 

To illustrate the use 
of the above m- 
stnntions A 10O-hp , 
three-phase, 440-volt 
induction motor was 
operating on 30 pei 
t ent full load or 30 hp 
(20 8 kw ) at 60 pci 
tent power fa<tor 
(afterward detei- 
mincd) when an oulti 
* tame through” to 
plate a polyphase 
watt-hour meter on 
the installation Im¬ 
mediately after the 
meter had been con¬ 
nected the following 
question was asked 
“Should the light ele¬ 
ment add to or sub¬ 
tract from the heavy element, i e , is the power factor above or below 50 
per cent?” As the meter leads were encased in pipe, they could not be 
traced, therefore the instructions m the second figure pertaining to this 
point were applied f rhe c otinected load of the motor having been thrown 
off, it was found that one element of the meter gave a negative reading 
Sufficient load was then put on to bring the motor to about 80 per cent of 
its full-load rating Each element of the meter (taken separately) now 
read positively, but the element which on no load gave a negative reading 
on 80 per cent load read lower than the heavy element The meter had 
been correctly connected when installed Later both methods given 
above to determine the power factor of a three-phase circuit were applied, 
and both gave approximately 60 per cent power factor (at 30 per cent 
load) 

186. To read correctly the consumption indicated on the dials of 
recording watt-hour meter (sometimes, but erroneously, called a reco 


Load 

Two Wattmeters 
3 pCrcurt 


METHOD OF DETERMINING THE POWER FACTOR 
OF A 3-PHASE CIRCUIT. 

C FIRST -Obtain the loadmkilowatts From the two 

*1 SECOND -Obtain the 3 Phase Current of the 

f 

® yt'and nwRipJymg thesumby 866 

T THIRD -Calculateihe apparent Load by 

r muttwlymq the abort ' 3 Phase Current m 

Load (Fra) and muttip/ying bytvO 


Power Factor Above or Below 50% 

If Induction Motor toad, throw offa/Itoadandrun motorsltghf 
The Power factor will be below 50% and one Wattmeter, or 

food up °arcSd ^tomthinE0% of%taf CapaSyThe Ornate - 


v/dhow readpositively butnot of,high dsmetkh or 
Element which gamedpositive reading on tight load If the 
Meters, or Elements, ah connected property,they shouhd 
fulfill the above conditions 


Note —This is based on the fact that on “ no-load ” 
the power factor of an induction motoi is below 50 
per cent 

Tw 87—Chait of mstiuctions for power-factoi 
test 
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ing wattmeter) these directions should be followed (Rules and Regulations 
of the Commonwealth Edison Co , Chicago; see Fig 88 for examples) 
The pointer on the nght-hand dial of a five-dial meter registers 
Yy o kw-hr or 100 watt-hr for each division of the dial A complete 
revolution of the hand on this dial will move the hand of the second dial 
one division and register 1 kw-hr or 1,000 watt-hr A complete revolu¬ 
tion of the hand of the second dial will move the third hand 1 division and 
register 10 kw-hr or 10,000 watt-hr and so on 

Accordingly, read the hands from left to right and add two ciphers to 
the reading of the lowest dial to obtain the reading of the meter m watt- 



Reodnq 9499 K lowatt Hours Read ng 1188 900 Watt Hours 

FORT WAYNE TYPE K WATT METER THOMPSON RECORDING WATTMETER 



Reading 1965.9 Kilowatt Hour Read ng 8889 Kilowatt Hours 

FORT WArNE TYPE K WATT METER THOMPSON RECORDIM6 WATT METER 

Fig. 88.—Examples of watt-hour meter readings. 


hours. Where there are four dials on the meter, the pointer on the right- 
hand dial registers 1 kw-hr. or 1,000 watt-hr. for each division of the dial, 
and it is necessary to add three ciphers to the reading of the lowest dial 
to obtain the reading in watt-hours, or the meter reads directly in 
kilowatt-hours. 

Hands should always be read as indicating the figure which they have 
last passed, and not the one to which they are nearest. Thus, if a hand is 
very close to a figure, whether it has passed this figure or not must be 
determined from the next lower dial. If the hand of the lower dial has 
just completed a revolution, the hand of the higher dial has passed the 
figure, but if the hand of the lower dial has not completed a revolution, the 
hand of the higher dial has not yet reached the figure, even though it may 
appear to have done so. 

When one pointer is on 9, special care must be taken that the pointer on 
he next higher dial is not read too high, as it will appear to have reached 
e next number, but will not have done so until the hand at 9 has come 
Tero. 
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The hands on adjacent dials revolve in opposite directions. Therefore 
a reading should always be checked after being written down, as it is easy 
to mistake the direction of the rotation. 

To determine the consumption for a given time, subtract the reading at 
the beginning of the period from the reading at the end. Always observe 
if a constant is marked at the bottom of 
the dial plate. If so, the difference of 
the readings must be multiplied by this 
constant to obtain the consumption. 

187. The Wheatstone bridge is an 
instrument for measuring medium and 
high resistances. It is not suitable for 
measuring resistances of less than 1 ohm. 

An elementary diagram is shown in Fig. Wheatstone Bridge Diagram. 

89. Ri, R 2l and R are adjustable resist- Fig. 89.—Elementary diagram 
ances, R x is the unknown resistance, and of the Wheatstone bridge. 

G is a delicate galvanometer. A battery 

supplies e.m.f. It can be shown that if, when both keys are pressed, the 
galvanometer shows no deflection, then 

I -K « *•-(§!)* ™ 

Example. —If Ri = 100 ohms, fli «= 10 ohms, and R = 072 ohms, what is the value 
of the unknown resistance? 

Solution. —Substitute in the formula: 

R x - R = 672 - 10 X 672 - 6,720 ohms 

The unknown resistance is 6,720 ohms. 

In commercial bridges, the adjustable resistances R 2 and R i are usually 
so arranged that the ratio R 2 /Ri will be a fraction like Ko or J^oo or a 
number like 10 or 100 so that R x can be obtained readily by dividing or 
multiplying R by an easily handled number. Ri and R 2 are sometimes 
called the ratio arms, and R is called the rheostat arm. For most accurate 
results the resistances R, R 1 , and R 2 should be as nearly as possible equal 
to R x . 

188. A diagram of a commercial bridge of the post-office pattern is 

shown in Fig. 90. Its principle is similar to that of Fig. 89. Brass plugs 
are used to vary the resistance in arms R , Ri, and R 2 . When a plug is 
inserted in the opening between two resistance coils it shunts out the coil. 
In using this bridge the ratio R 2 /Ri is arranged by the operator, depend¬ 
ing upon the relative value of R x as compared with R. Then R is adjusted 
until a balance is obtained. When R x is greater than R the ratio must be 
10, 100 or 1,000, and when R x is smaller than R the ratio must be 0.1 or 
0.01 or 0.001. If Ri = R 2 the value of R x equals R. 
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189. Directions for Using a Wheatstone Bridge.—(1) Insert the 
unknown resistance. (2) Make a mental estimation of the probable 
value of the unknown resistance. If it is not greater than the total 
resistance in the arm R or smaller than that of any one coil in R, R \ and R* 
may be made equal by taking plugs from the proper holes. (3) Take a 
plug from a coil, in R, of about the estimated resistance of R, and press the 
keys. Note the deflection of the needle, whether it is to the right or left. 
Now unplug a coil in R of about twice the resistance of the first one 
unplugged. If the needle now deflects in the opposite direction the value 
of R x lies between these two values. If the deflection is in the same direc¬ 
tion the unplugged resistance in R is too great and a value of about one- 
half that originally selected should be tried. Systematically narrow down 
the limits until the best possible balance is obtained. (4) Usually it is 



Fig. 90.—Post-office pattern of Wheatstone biidgc. 


ini possible to secure an exact balance. When this is the case proceed as 
indicated in the following example: Assume that the coil of smallest resist¬ 
ance in the R arm is of 0.1 ohm. With this added the galvanometer 
deflects two divisions to the right. The deflection without is three divi¬ 
sions to the left. Therefore a difference of 0.1 ohm makes a difference of 
five scale divisions. The resistance that would give no deflection is 
H X 0.1 = 0.06 ohm. (5) Be careful not to allow the metal parts of the 
bridge plugs to become wet or greasy from the hands. (6) Use a twisting 
motion when inserting the plugs. Put them in firmly but do not use 
enough force to twist off the insulating handles. (7) When closing the 
keys, close the battery key first and in opening the keys open the galva¬ 
nometer key first. 

190. How to Make a Slide-wire Bridge (J. W. Himmelsbach, Power , 
June 4, 1912).—The very satisfactory apparatus illustrated in Fig. 91 
can be easily and cheaply made. The only expensive part is a direct- 
reading, differential millivoltmeter having the zero in the middle of the 
scale, which reads 75 millivolts on either side of the zero point. Mount 
on a piece of well-seasoned 5 X 18 X 1-in. oak four binding-posts, A, B t 
C, D, and two lamp sockets, L, L, as shown; M and N are two small wire 
brads driven in the board, leaving only % in. projecting. 
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From A to N, N to M, and M to B, paste strips of paper 1 in. wide upon 
which a scale has been drawn, with divisions every % in., which will give 
200 divisions. Mark every second division from 0 to 100 starting at A . 
Then stretch a piece of No. 26 or 28 Brown and Sharpe gage german-silver 
wire from A around N and M to B. This wire must be stretched tightly 
so that reading the scale will give correct proportional lengths of wire. 



''Binding Pbsf Details 



Fig. 91.—Homemade testing set and its application. 


The lamp sockets arc to be wired in parallel. Connect permanently to 
J) a piece ot flexible wire (lamp cord will do) to the end of which is soldered 
n knife-edge contact. This wire must reach lrom post D to post A. 
Binding posts A and B must have' two connectors, as two sets of leads are 
fastened to them; this completes the testing set. 

191. To Prepare for Testing for a Cable-ground with the Homemade 
Slide-wire Bridge.—Connect to the binding posts A and B, respectively 
(Fig. 91), one lead to the available end of the grounded conductor and one 
lead to a conductor of the same size parallel to the grounded conductor 
and having the same destination. The ends of these two conductors, 
away from the testing set, must be joined together. Connect the milli- 
voltmeter to the posts A and B. 

If a 125-volt, d-c circuit is available, connect one side to post C and 
ground the other, and place two 50-watt lamps in the sockets. If no d-c 
circuit is available, five or six battery cells connected in series can be used. 
Connect one terminal to C and ground the other; short-circuit the lamp 
sockets with a plug fuse. 

192. To locate the grounded point in a cable with the homemade slide- 
wire bridge, run the knife-edge contact connected to D (Fig. 91) along the 
graduated wire until the millivoltmeter reads zero. Suppose the reading 
on the wire is 25 divisions from A. Referring to the lower diagram, if the 
total length of the cable loop is L, and the distance from the station to the 
ground is X, then the following proportion holds good: 
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25 :X = 75:L - X 

solving for X, 

75X = 25L - 25X 
100X = 25L 
X « 0.25L 

and if the length of the cable is known, the distance X can readily be 
determined. 

Designating the distance from A to the point on the slide wire which 
gives zero deflection on the millivolt met or as G, and the distance from B 
around to this point as //, also the total loop length of the conductor, and 
the distance from the station to the ground, L and X, respectively, as 
before, then: 

G:X = II:L - X 

GL - GX = II X (a) 

but G plus II equals 100; therefore, 

H = 100 - G 

substituting (6) in (a) 

GL — GX — 100X - GX 

100X = GL 

G XL 
A 100 

which is the formula to be used when locating ground with this apparatus. 

If the ground is due to water—which will mean that it is not confined to 
one point —this method is not very satistactory. If two or three con¬ 
ductors in the faulty cable are grounded, thus making it impossible to get 
a cable clear from ground for a return, it will, in all probability, be unnec¬ 
essary to make the location test, as a double ground is equivalent to a 
short circuit, and short circuits arc usually very apparent. 

193. Locating Faults in a Cable (Standard Underground Cable Co.).— 
Figure 92 shows a simple method, using a dynamo, a galvanometer, and 
10 or 15 ft. of bare wire. This method is only applicable when both con¬ 
ductors of the cable are of the same size. After making the connections 
shown it is only necessary to move the stylus b along the bare wire until 
the galvanometer is not deflected in either direction. 

Let A — the length of the wire between the balance point B and the 
faulty conductor, C = the total length of the wire, and L — the total 
length of the cable circuit = twice the length of the cable. Then dis¬ 
tance to the fault = (A X L)/C. 

Figure 93 shows a simple form of wire bridge which can be used for 
tests of this kind. The length A can be read directly, and the value of C 
is 200. If a galvanometer is not available, a telephone receiver may be 
used in its place. 


(b) 


(75; 
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194. Testing Cable Insulation with a Telephone Receiver and Bat¬ 
tery (Standard Underground Cable Co.).—An extremely simple way 
to determine whether or not the insulation resistance of any particular 
wire is high is as follows: A telephone receiver and battery are connected 



Fig. 92.—Locating a 
fault in a cable. 
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Fig. 93.—Homemade wire bridge. 


as shown in Fig. 94. One side of the battery is attached to the lead sheath 
of the cable or to ground, and the other side to a telephone receiver. A 
rubber-insulated wire is attached to the other side of the telephone. To 
test, press the telephone receiver to the ear and touch the wire L to the 
conductor E; a click will always be heard the first 
time. After keeping both wires in contact for 
several seconds, break and make the connection 
once more; if no sound is heard at the instant of 
reconnection the wire is not faulty. With intervals 
of time between break and make of 1 sec. with 
a battery of 1 volt it can be assumed that no click 
indicates at least a resistance of 50 megohms. 

When more battery is used this number is increased about in proportion 
to the number of cells. Care must be taken that sounds in the telephone 
due to induction are not misconstrued for those produced by leaks. 

196. Grounds on series lighting circuits frequently reveal their loca¬ 
tions automatically. If there are two good grounds on the circuit the 
lamps connected in the line between the grounds will not bum because 
the grounds will shunt them out. For example, in Fig. 95 with a good 
ground at 1 and 11, lamps 2 to 10 would be shunted out. Sometimes there 
may be two grounds on a circuit, but they may not be “good” enough to 
shunt out the lamps. (This paragraph and those that follow on testing 
series circuits are from Electrical World.) 

The presence of but one ground on a circuit, irrespective of how “good” 
it is, will not reveal itself automatically, and the proper operation of the 
circuit will not be affected by one ground. However, where there is one 
ground, it constitutes a serious menace to the lives of the station operators 



Bakery 

Fjg. 94.—Test for 
insulation resistance. 
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and trouble men. Furthermore, another ground may occur at any time 
that may cause the shunting out of lamps or possibly a fire or destruction 
of equipment. Hence, it is very desirable to maintain the circuits entirely 
clear of grounds. It is the practice in all well-maintained stations to test 
each series circuit for grounds, some time during every afternoon, and if a 
ground is discovered a trouble man is sent out to locate and clear it 
before the circuit is thrown into service for the night. 


Constant Current 
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first to the middle point of the circuit and there make his first test. This 
first test will indicate on which side of the middle point the trouble is. 
He should then proceed to the middle point of the half of the circuit that 
shows trouble and there make another test. This will localize the trouble 
to one quarter of the circuit. This * ‘ halving ” of the sections of the circuit 
should be continued until the trouble is finally found. 

If there is more than one ground on a series circuit the trouble is tedious 
to locate. If the tests made at different points on the circuit are confus- 
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Ftii. 97. Locating a ground on a “live” series circuit with an incandescent 

lamp bank. 

ing, indicating the existence of several grounds, the best procedure is 
to open the circuit into several distinct sections and then test each one as 
a unit, following the methods described in preceding paragraphs. 

199. A ground on a series circuit can sometimes be located with the 
current from the transformer, by placing a temporary ground on the cir¬ 
cuit at the station. For example, if in Fig. 96 a temporary ground is con¬ 
nected to terminal B and the device that supplies the operating current 
to the circuit is connected to terminals C and D and normal operating 
current thrown out on the circuit, lamps 1, 2, and 3 will not bum, indicat¬ 
ing that the ground is between lamps 3 and 4. The use of this method is 
attended by some fire risk; hence, the method should be used with caution. 

200. A method of locating a ground on a series circuit with a lamp bank 

is suggested in Fig. 97. A bank of 110-volt incandescent lamps, each 
of the same wattage, is connected in series as indicated, and one end of the 
bank is permanently grounded. There should be a sufficient number of 
lamps in the bank so that the sum of the voltages of all of the lamps is at 
least equal to the voltage impressed on the series circuit by the trans¬ 
former. For instance, if the voltage impressed on the series circuit is 
6,600, there should be at least sixty 110-volt incandescent lamps in the 
bank (6,600 110 - 60). 

In locating a ground, the flexible cord which is connected to the center 
point of the double-throw switch is successively placed on different points 
on the conductor that connects the incandescent lamps in series, the 
switch being thrown to one or the other of the circuit terminals C or D. 
Move the flexible cord along until the incandescent lamps in the bank, 
between the point of connection of the cord and the permanent ground, 
burn at about full brilliancy. When this condition obtains, the voltage 
impressed across the lamps that are burning fully brilliant is apprbxi- 
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mately equal to the voltage impressed on the portion of the circuit (to 
which the switch connects) between the station and the ground. The 
voltage required across each lamp of the outside circuit being known, 
the number of lamps between the station and the ground can be readily 
computed, and thereby the ground is located. 

Great care must be exercised in using this method. Practically all 
series lighting circuits operate at very high voltage. Hence, when the 
flexible cord is being moved along the lamp bank, the transformer should 
be entirely disconnected. If it is not, a voltage dangerous to life is present. 

Example .—Consider Fig. 97. There is a ground on the circuit. It is found that 
two of the incandescent lamps of the bank burn at full brilliancy between the flexible- 
cord connector and the lamp-bank ground. Since 110-volt lamps are used in the bank 
the voltage across these two is 220. This means that the voltage on the circuit between 
points C and G is about 220. Since the series lamps each require about 50 volts, there 
must be 220 4- 50 = 4.4, or in round numbers 4, series lamps between C and the giound 
G. After making a test with the switch point on C, it should be thrown over to D, 
and a check test made from the other end of the ciieuit. The method of figuring is the 
same in each case. 

201. To locate an “open” on a series circuit, ground one end of the cir¬ 
cuit at the station as in Fig. 96. Then make tests at different points out 



Fig. 98.—Testing out wiring for proper connections. 


on the circuit with the magneto connected in between line and ground. 
So long as the magneto bell indicates a closed circuit, the open is on the 
line side of the tester. When the magneto indicates an open circuit the 
open is toward the station from the tester. 

202. The testing out of a concealed wiring system for proper connec¬ 
tions is illustrated in Fig. 98. It is assumed that the wires are installed 
and that the locations of their runs are concealed by the plastering. Only 
the ends of the conductors are visible at the outlets. It is necessary to 
identify the conductor ends at each outlet. These tests are usually made 
with an electric-bell outfit (Fig. 66) because the sound of the bell will 
indicate a closed circuit to the wireman in a distant room. Hence, one 
man can test out such a system. In testing out, first skin the ends of all 
of the conductors and see that none is in contact with any other or with 
the outlet box. Next, select a pair of conductors (A, Fig. 98), preferably 
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the pair that serves the group, and connect the bell outfit to the ends of the 
pair as shown. Then proceed to the outlet (£, Fig. 98) at which the pair 
of conductors should terminate and successively touch together the ends 
of all the wires that terminate in that box until a pair is discovered 
whose ends touched together ring the bell. This identifies one pair. Tag 
this pair so that it can be readily found again and repeat the process on 
some other pair. Continue this until all of the conductors are identified. 
(This paragraph and those that follow on practical electrical tests are from 
Electrical Engineering.) 

203. The method of testing out the connections for three-way switches 

is shown in Fig. 99. When finally connected, the circuits should be as 
shown at I. It is assumed that the conductors are in place and concealed 
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Fig. 99.—Testing out three-way switch connections. 


within walls or ceilings and that only the ends are visible at the outlets, as at 
Fig. 99, II. First, identify the feed conductors and bend back their ends 
at the outlet box as at A 8 . Next, twist together, temporarily, the bared 
ends of any two of the conductors at each of the switch outlets as at A 3 
and C 3 . The conductors having their ends thus twisted together will be 
the switch conductors. Now, at the lamp outlet, or outlets, identify the 
short-circuited switch conductors as directed in a preceding paragraph and 
connect and solder these switch conductors together as at £ 3 . Connect 
the remaining conductor ends at the lamp outlets to the lamps, £4, con¬ 
nect one of the feed conductors to the center point of the three-way switch 
(A 4), and connect the other feed conductor to the lamp wire. The switch 
conductors are connected to the two points of the switch. At C 4 the same 
procedure is followed. 

204. In testing out a new wiring installation for faults each branch cir¬ 
cuit, main, and feeder should be treated individually. It is usually 
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impracticable to test an installation as a unit, as open switches and loose 
connections in cutouts may render such a test worthless. If a test is 
made from the cutout, on the two conductors of each individual circuit, 
the above-mentioned possible elements of uncertainty arc eliminated. 
Test each side of each circuit separately unless the lamps are in position. 

205. Open circuits in multiple wiring installations are usually readily 
located. If the lamps are in position and lighting voltage available, it can 
be impressed on the circuit. The lamps on the generator side of the 
“open” will then burn while those on the far side will not, which localizes 
the open. Where lighting voltage is not available, all the lamps can be 
taken out of the sockets, and each of the sides of the circuit can be 
grounded at the cutout. Then a telophone-and-battery, a bell-and-bat- 
tery, or a magneto test set can be connected temporarily and successively 
between one line and ground and between the other line and ground at 
each outlet on the branch. When the test set indicates an open circuit, 
the “open” is between the tester and the ground made at the cutout. 

206. The test for short circuits on a multiple system is made by 
temporarily connecting a test set across t ho terminals of each branch 
circuit at the cutout. If there is a short circuit on the lines under test, 
its presence will be immediately evident b} r the indication of a closed 
circuit. 

207. The test for continuity of multiple wiring circuits is made by 
temporarily connecting a test set across the terminals of each branch 
cutout and successively short-circuiting, one at a time, the sockets of 
the branch with a screw driver, a nail, or other metal object. The test 
set will then indicate whether the wiring of the circuit is open or closed. 
Where lighting voltage is available and plug cutouts are used, a lamp can 
be screwed into one socket of the cut-out and a plug fuse into the other. 
Then the tester can proceed from socket to socket and short-circuit each. 
Where circuit to the socket is continuous, the lamp will light when the 
socket is short-circuited. 

208. The test for grounds on a multiple wiring installation is made by 
temporarily connecting between line and ground a test set of one of the 
types hereinbefore described. If the test set indicates a closed circuit, 
the line being tested is grounded. 

209. The testing of three-wire circuits to identify the neutral is 

effected as suggested in Fig. 100. Where the neutral is grounded, a test 
lamp can be successively connected between each of the three con¬ 
ductors and ground (Fig. 100, 1). When the ungrounded side of the 
lamp is touched to the neutral wire it will not burn, but when touched 
tc either of the outside wires it will burn. A method that can be used 
with either a grounded or an ungrounded neutral is illustrated in Fig. 100, 
II. Connect the two test lamps in series successively between one of 
the line wires and the other two. When connected across the two outer 
wires both lamps will burn at full voltage, but when connected between 
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one of the outer wires and neutral they will burn at only half voltage. 
The touching test described in Sec. 158 can also be applied. 

210. The testing of lighting fixtures prior to installation is best accom¬ 
plished with a voltmeter (Fig. 101). The test for short circuit and 
continuity is illustrated at I. If the voltmeter does not give a reading 
with the lamps out of the sockets, the fixture wiring is clear of short 
circuits. After the test for short circuits has been made, each socket is 
short-circuited with a metal object—a screwdriver is frequently used— 


Thrto-Wire Circuit Three-Wire Circuit 



I With One Lamp 1 With Two tamps 

Fig. 100. — Locating neutral wire with test lamp. 

and if the voltmeter indicates the full voltage of the circuit each time 
a socket is short-circuited, it signifies that the circuit to that socket is 
continuous. 

The fixture can be tested for grounds as at Fig. 101, II. If there is 
no deflection of the voltmeter with one lead from the voltmeter touching 
the metal work of the fixture and the other successively each of the 



1 Test for Short I Test for Contact 

Circuit and Continuity with Metal of Fixture 

Fig. 101. -Methods of “testing out” fixtures. 


fixture conductors, the fixture is clear of grounds. Be certain that one 
voltmeter terminal is in actual contact with the metal work of the fixture 
and not insulated therefrom by the lacquer finish. This test should be 
made with the lamps out of the socket. 

211. To determine the polarity of d-c circuits hold the two conductors 
in a glass vessel of water as in Fig. 102. It may be necessary to pour a 
little common salt or acid into the water to render it conducting. Pure 
water is a poor conductor. Bubbles will form only on the negative 
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Gubbles- 


Fig. 102.—Determination 
of polarity with conductor 
ends in water. 


conductor, indicating the presence of current and the polarity of the 
circuit. Be careful not to touch the conductor ends together and cause 
a short circuit (see also Fig. 103, and neon testers, Sec. 167). 

212. The direction of current flow in a d-c circuit can be determined 
with a compass as described in Sec. 62. 

213. Ground detectors are desirable on 
ungrounded systems in order that when 
an accidental ground occurs it can be 
remedied before a second ground on 
another wire causes a short circuit. Con¬ 
trol circuits especially should be suitably 
equipped with ground detectors, as a 
double ground may cause the closing or 
tripping of circuits carrying load, with 
serious consequences. 

214. Ground Detectors for Two-wire, D-c Circuits.—Figure 104 shows 
a very good and simple detector for any two-wire low-voltage system. 
The lamps for the detector should each be of the same wattage and 
voltage—the voltage being about the same as that of the regular lamps 
in the plant—and two lamps should be selected which, when connected 
in series, burn with equal brilliancy. 

Although somewhat greater sensi¬ 
tiveness can be obtained with low- 
wattage lamps, such as 25-watt, for 
example, it is believed in general to 
be preferable to use lamps of same 
wattage as those throughout the 
plant, as then a burned-out or 
broken detector lamp can be imme¬ 
diately replaced by a good lamp 
from the regular stock, thus avoid¬ 
ing the necessity of keeping on hand 
a few spare special lamps. 

The detector lamps, being two in 
series across the proper voltage for 
one lamp, burn only dimly. If, how¬ 
ever, a ground occurs on any circuit, 
as at a, the current from the positive 
bus bar through lamp 1 divides on 

reaching b, instead of all going through lamp 2, as it did when there 
was no ground. Part now goes down the ground wire and through the 
ground to a, as indicated by the broken line, and thence through the 
wires to the negative bus bar. This reduces the resistance from b to 
the negative bus bar, and therefore more current flows through lamp 1 
than before, while less current flows through lamp 2. Lamp 1 conse- 



Fig. 


103.—Blueprint paper 
for testing polaiity. 
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quently brightens and lamp 2 dims. If the ground had occurred at c 
instead of a, lamp 2 would have brightened and lamp 1 would have 
dimmed. 

Attention is called to the following points, 
which are frequently neglected in this form of 
detector: 

1. The lamp receptacles should be keyless, and 
there should be no switches of any kind in any 
of the connecting wires, so that the detector will 
always be in operation. In order to be of the great¬ 
est value, the indications must be given instantly 
when a ground occurs. The observer should not 
have to wait until the engineer or electrician 
remembers to close a switch. 

2. The wires should be protected by small fuses where they connect 
to the bus bars. If these fuses are omitted, a short circuit across these 

wires would either burn up the 
wires or blow the main generator 
fuses. 

3. The lamps should be placed 
very close together, within 1 or 
2 in. of each other if possible. 
The farther apart they are, the 
harder it is to detect any slight 
difference in brilliancy between 
them. 

4. The ground wire should be 
carefully soldered to a pipe 
which is thoroughly connected 
to the ground, or some other 
equally good ground connection 
should be provided. 

215. A lamp ground detector for a three-wire Edison system is shown 
in Fig. 105. In principle it is exactly the same as the two-lamp detector 
of Fig. 104. Its indications are as follows: 

/Ground at a—A bright, B and C dim. 

Switch on point 1< Ground at b— B and C bright, A dim. 

^Ground at c—A bright, B and C dim. 

/Ground at a —A and B bright, C dim. 

Switch on point 2< Ground at b—C bright, A and B dim. 

^Ground at c—C bright, A and B dim. 

With the lamp switch at point 1, grounds at a and c give the same 
indication, but by throwing the switch to point 2 it will be at once evi¬ 
dent whether the ground is on the positive or negative side. It is to 
remove the uncertainty which would otherwise exist that this switch is 
needed. It should have no “off ” position. 
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The man in charge of a plant can readily familiarize himself with the 
indications of the detector by purposely putting a ground on the different 
wires and noting the indications. 

If the neutral is permanently grounded, a ground detector is, of course, 
of no use. 

216. The same degree of sensitiveness on both sides can be obtained 
by means of the lamp switch in Fig. 105, but for grounds on the neutral, 
there is never more than half the full voltage available to operate the 
lamps, so that the indications are necessarily less sensitive. 

217. On d-c control circuits, a telegraph-type relay, which will sound 
an alarm, is preferable to the lamps, since sufficient current can flow 
through the lamps as a result of double grounds to operate some relays 
and cause circuit breakers to operate. 

218. An ordinary voltmeter can be used as an intermittent ground 
detector on d-c circuits of any voltage, as shown in Fig. 106. The 
voltmeter ordinarily used to indicate the voltage on the system can, 
of course, be used for this purpose, the voltmeter switch shown in the 
cut being arranged to give the different desired connections. 

If, for example, the system shown in Fig. 106 were of about 100 volts, 
the voltmeter would register 100 when the levers of the switch were 

on the inside contact points as shown. 
If, now, the right-hand lever were moved 
to the outside contact point as shown 
dotted, and there were a ground on the 
system, as at a, current would pass from 
the positive bus bar through the circuit to 
a , thence through the ground to the 
ground wire, and through the voltmeter 
to the negative bus bar, causing the 
voltmeter to read something below 100, 
unless the ground at a were practically a 
perfect connection. In that case the 
voltmeter reading would be 100. If the 
positive side of the system were entirely free from grounds, the voltmeter 
reading would be 0. 

Assume that under these conditions the voltmeter reads 50, and that 
the resistance of the voltmeter itself is 20,000 ohms. Since with no exter¬ 
nal resistance, when the voltmeter is connected dire.ctly to the bus bars, 
it reads 100, while now it reads 50, the total resistance under the new 
conditions must be 40,000 ohms. The resistance of the ground at a is 
40,000 - 20,000 = 20,000 ohms. 

If the voltmeter had read only 20 the total resistance would have 
been 10 %n X 20,000 = 100,000, and the resistance of the ground 
100,000 - 20,000 = 80,000 ohms. 

219. Ground Detectors for Ordinary Low-voltage, Three-phase A-c 
Circuits.—A lamp detector connected as in Fig. 107 may be used. The 
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Ordinary lamps 
receptacles 


indication is the same as that with the lamp detectors described above. 
Thus, when a ground comes on one wire, the lamp attached to that wire 
dims and the other two brighten. 

For ordinary two-phase (or quarter- 
phase) systems, where the phases are 
entirely insulated from each other, the 
two-lamp detector can be used, one 
detector on each phase. There are, how¬ 
ever, in this class of wiring several com¬ 
plicated systems, to all of which the lamp 
detector principle is applicable, although 
the exact method of connections differs 
in each case, so that no general rule can 
be given. 

220. Electrostatic ground detectors 

ungrounded a-<* systems. 
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facturing Co.) 


any line removes the charge 
and the ground. This causes the vane to move 
plates against the action 
of a spring. Thus the 
vane being off-center 
indicates a ground. 

The capacitors (Fig. 108) 
insulate the instrument 
from the high voltage of 
the line. A single-phase 
electrostatic ground de¬ 
tector is shown in Fig. 

109. 


are used for high-voltage 
This instrument for use on three-phase circuits 
consists of a semispherical 
vane flexibly supported 
(Fig. 108). Around the 
circumference of the vane 
__ are three stationary 

u@X) D curved plates, each being 

connected through a capa¬ 
citor to one of the three 
phase lines. The opera¬ 
tion is due to the electro¬ 
static field created between 
the plates. The vane is 
grounded, and a ground on 
between the plate connected to that line 
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Fit,. 109. Single-phase electrostatic ground 
detector. (Wcstinghouse Electric & Manufactur¬ 
ing Co.) 


221. A triplex voltmeter, which is an instrument containing three 
voltmeter movements with short scales (Fig. 110) may also be used on 
a-c systems. Each voltmeter is connected between one line and ground. 
With no grounds all voltmeters should read zero, but a ground on one 
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line will cause the other two meters to read. The magnitude of the 
reading will depend on the resistance of the meter and the resistance of 
the ground, a good ground being indicated by full line-voltage reading. 

222. Test to Determine Horsepower of an Electric Motor. —Applying 
the principles, outlined elsewhere in this division, to a motor under test 
for output, the power delivered being measured with a prony brake 
(Fig. Ill) may be taken as an example. 

Example .—The torque is 10 lb. at 3-ft. radius, or 30 lb.-ft., or 30 lb. at 1-ft. radius. 
Since the motor pulley is turning at the rate of 1,000 r.p.in., a point on its circumference 
tiavels 2irrR = 2 X 3.14 X 1 X 1000 = 6,280 ft. per min. At its ciicuinference the 
pulley is overcoming a lesistance of 30 lb. Therefore it is doing work at the rate of 



Fig. 110.—Electrostatic Fig. 111.—Horsepower determination 

ground detector (triplex volt- with a prony brake, 

meter type). (General Elec¬ 

tric Co.) 

30 X 6,280 = 188,400 ft.-lb. per min. Since, when work is done at the rate of 33,000 
ft.-lb. per min., a hoisepower is developed, the motor is delivering 188,400 -i- 33,000 = 
5.7 hp. It should be noted that, though the torque at the circumference of the motor 
pulley was considered in the example, it is not necessary to take the torque at that 
point. The torque may be taken at any point if the radius to that point is used instead 
of the radius of the pulley. The formula for determining the horsepower output of a 
motor under test with a prony brake is 

lip. = 2 X irTS ^ 33,000, 

where w = 3.1416; T = torque in pounds-feet; and S is the speed of the motor in 
r.p.m. Substituting the values from the above example m this formula 

Hp. = 2 X 3.14 X 30 X 1,000 33,000 = 5.7 hp. 

This is the same result secured by the former and longer method. In metric units, 
work is expressed in kilogram-meters, so, conversely, torque should be expressed in 
meter-kilograms or in kilograms at a given radius in meters. 

223. The testing of motors and generators for faults is treated in 
Div. 5 on Motors and Generators. 
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ELECTRICAL CONDUCTING WIRES AND CABLES 


1. Electrical conducting wires and cables are available in a great 
variety of different types and forms of construction. To cover this 
one subject completely would require a large volume. The aim of the 
author has been, therefore, to include in this division sufficient general 
information with respect to the materials employed, method of con¬ 
struction, and types available, so that it will enable a person to select 
intelligently the proper cable for a given application. At the end of the 
section, more detailed tabular information is included for the types of 
cables that the average worker will use most frequently. 

2. Electric Wire and Cable Terminology ( U. S. Bureau of Standards 
Publication 37). 

Wire.—A slender rod or filament of drawn metal. (The definition 
restricts the term to what would ordinarily be understood by the term 
“solid wire.” In the definition, the word “slender” is used in the sense 
that the length is great in comparison with the diameter. If a wire 
is covered with insulation, it is properly called an insulated wire, although 
primarily the term “wire” refers to the metal, nevertheless when the 
context shows that the wire is insulated the term “wire” will be under¬ 
stood to include the insulation.) 

Conductor. —A wire or combination of wires not insulated from one 
another, suitable lor carrying a single electric current. . (The term 
“conductor” is not to include a combination of conductors insulated 
from one another, which would be suitable for carrying several diffeient 
electric currents. Rolled conductor, such as bus bars, are, of course, 
conductors but are not consideied under the* terminology here given.) 

Stranded Conductor. — V conductor composed of a group of wires 
or any combination of groups of wires. (The wires in a stranded con¬ 
ductor are usually twisted or braided together.) 

Cable.—(1) A stranded conductor (single-conductor cable), or (2) a 
combination of conductors insulated from one another (multiple-con¬ 
ductor cable). 

The component conductors of the second kind of cable may be either 
solid or stranded, and this kind of cable may or ma> not have a common 
insulating covering. The first kind of cable is a single conductor, while 
the second kind is a group of several conductors. The term “cable” is 
applied by some manufacturers to a solid wire heavily insulated and lead 
covered; this usage arises from the manner of the insulation, but such a 
conductor is not included under this definition of “cable.” The term 
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“cable” is a general one and in practice it is usually applied only to the 
larger sizes. A small cable is called a stranded wire or a cord, both of 
which are defined below. Cables may be bare or insulated, and the 
latter may be armored with lead or with steel wires or bands. 

Strand.—One of the wires or groups of wires of any stranded conductor. 

Stranded Wire.—A group of small wires, used as a single wire. (A wire 
has been defined as a slender rod or filament of drawn metal. If such 
a filament is subdivided into several smaller filaments or strands and is 
used as a single wire, it is called stranded wire. There is no sharp 
dividing line of size between a stranded wire and a cable. If used as a 
wire, for example in winding inductance coils or magnets, it is called n 
stranded wire and not a cable. If it is substantially insulated, it is 
called a cord, defined below.) 

Cord.—A small cable, very flexible and substantially insulated to 
withstand wear. (There is no sharp dividing line in respect to size 
between a cord and a cable, and likewise no sharp dividing line in respect 
to the character of insulation between a cord and a stranded wire. 
Usually the insulation of a cord contains rubber.) 

Concentric Strand.—A strand composed of a central core surrounded 
by one or more layers of helically laid wires or groups of wires. 

Concentric-lay Cable.—A single-conductor cable composed of a central 
core surrounded by one or more layers of helically laid wires. 

Rope-lay Cable.—A single-conductor cable composed of a central core 
surrounded by one or more layers of helically laid groups of wires. (This 
kind of cable differs from the preceding in that the main strands are 
themselves stranded.) 

N-Conductor Cable.—A combination of N conductors insulated from 
one another. (It is not intended that the name as here given be actually 
used. One would instead speak of a 3-conductor cable, a 12-conductor 
cable, etc. In referring to the general case, one may speak of a multiple- 
conductor cable, as in definition for “cable” above.) 

N-Conductor Concentric Cable.—A cable composed of an insulated 
central conducting core with tubular stranded conductors laid over it 
concentrically and separated by layers of insulation. (Usually only 
2-conductor or 3-conductor. Such conductors are used in carrying 
alternating currents. The remark on the expression “ INT-conductor ” 
given for the preceding definition applies here also.) 

Duplex Cable.—Two insulated single-conductor cables twisted 
together. (They may or may not have a common insulating covering.) 

Twin Cable.—Two insulated single-conductor cables laid parallel, 
having a common covering. 

Triplex Cable.—Three insulated single-conductor cables twisted 
together. (They may or may not have a common insulating covering.) 

Twisted Pair.—Two small insulated conductors twisted together, with¬ 
out a common covering. (The two conductors of a twisted pair are 
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usually substantially insulated, so that the combination is a special case 
of a cord.) , 

Twin Wire.—Two small insulated conductors laid parallel, having a 
common covering. 

3. Wire Sizes.—The size of wire is usually expressed according to 
some wire gage. The different sizes are referred to by gage numbers. 
Unfortunately several different systems of gages have been originated 
by different manufacturers for their products. However, it has become 
standard practice in the United States to employ the American wire gage 
(A.w.g.), also known as the Brown and Sharpe (B. & S.) for the designa¬ 
tion of copper and aluminum wire and cable used in the electrical indus¬ 
try. The names, abbreviations, and uses of the most important gages 
used for the measurement of wires and sheet-metal plates are given in 
Sec. 4. A numerical comparison of these gages is given in Table 80. It 
will be observed that in most cases the larger the gage number the smaller 
the size of the wire. 


4. Names, Abbreviations, and Uses of the Principal Wire 
and Sheet-metal Gages 


Col. No. 
in 

Table 80 

Names and abbreviations 

Ordinarily used for measuring 

Usual 

Others 

1. 

American wire gape 
(A.w.g.) 

Browne and Sharpe 
(B. & S.) 

Copper, aluminum, and other non- 
ferrous wires, rods, and plates. 
Wall thickness of tubes. 

2. 

Steel wire gape 
(Stl. w.g.) 

Roebling, American 
Steel and Wire, 
Washburn & 
Moen, National 
G. W. Pientiss 

Iron and steel wire. Wire nails. 
Brass and iron escutcheon pin*,. 

3. 

Birmingham wire 
gage (B.w.g.) 

Stubs Iron Wire 
Gage, Iron Wire 
Gage 

Galvanized iron and steel wire. 
Iron rivets, copper rivets. Thick¬ 
ness of wall of nonferrous seam¬ 
less tubing. 

4. 

Stubs steel wire 
gage 


Drill rod. 

r». 

British standard 
wire gage (S.w.g.) 

Imperial Standard 
Wire Gage, Stand¬ 
ard Wire Gage, 
English Legal 
Standard 

Legal standard wire gage for 
Canada and Great Britain. 
Used sometimes by American 
telephone and telegraph com¬ 
panies for bare copper line wire. 

0. 

Steel music wire 
gage (M.w.g.) 

Ham mac her 
Schlemmer, Felten 
& Guilleaume 

Steel music wire. 

7. 

United States 
standard (U.S.S.) 


Legal standard for iron and steel 
plate. Monel metal. Galva¬ 
nized sheets. 

8 . 

American Zinc 


Sheet zinc. 

9. 

Birmingham gage 
| (B.g.) 


Legal standard for iron and steel 
sheets in Canada and England. 
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5.. How to Remember the A.w.g. or B. & S. Wire-gage Table (Westing- 
house Diary).—A wire that is three sizes larger than another wire has 
half the resistance, twice the weight, and twice the area. A wire that is 
ten sizes larger than another wire has one-tenth the resistance, ten times 
the weight and ten times the area. Number 10 wire is 0.10 in. in diameter 
(more precisely 0.102); it has an area of 10,000 cir. mils (more precisely 
10,380); it has a resistance of 1 ohm per 1,000 ft. at 20°C. (68°F.), and 
weighs 32 lb. (more precisely 31.4 lb.) per 1,000 ft. 

The weight of 1,000 ft. of No. 5 wire is 100 lb. The relative values of 
resistance (for decreasing sizes) and of weight and area (for increasing 
sizes) for consecutive sizes are 0.50, 0.63, 0.80, 1.00, 1.25, 1.60, 2.00. 
The relative values of the diameters of alternate sizes of wire are 0.50, 
0.63, 0.80, 1.00, 1.25, 1.60, 2.00. To find resistance, drop one cipher 
from the number of circular mils; the result is the number of feet per 
ohm. To find weight, drop four ciphers from the number of circular 
mils and multiply by the weight of No. 10 wire. 



Fig. 1.—Standard wire 
gage (greatly reduced). 



Screw Gauge Oto$Q Wire Gauge* 
Front Side Back Side 

Fig. 2.—Angular wire gage 
(greatly reduced). 


6. Wire measuring gages (Figs. 1 and 2) arc made of steel plate. 
With the kind shown in Fig. 1 the wire being measured is inserted in the 
slots in the periphery until a slot is found in which the wire just fits. 
Its gage number is indicated opposite the slot. A measuring gage like 
that of Fig. 1 indicates the numbers of one gage or system only. A gage 
like that of Fig. 2 indicates the numbers of four gages but has the dis¬ 
advantage that, to use it, the end of the wire must be available to push 
through the slot. The wire is pushed as far toward the small end of the 
slot as it will go, and its gage number will be indicated opposite the point 
where the wire stops. The gage of Fig. 2 is arranged to indicate gage 
numbers for the American screw gage, English wire gage, and American 
wire gage, and one scale is divided into thirty-seconds of an inch. 

7. A micrometer is frequently used for determining the size of a given 
wire or cable. It provides an accurate means of measuring the diameter 
of the wire or cable to thousandths of an inch and estimating to ten 
thousandths. After having determined the diameter, the corresponding 
gage size may be ascertained by referring to a wire table. The wire to 
be measured is placed between the thumbscrew and the anvil (Fig. 3), 
and the screw turned until the wire is lightly held between the screw and 
the anvil. The screw has 40 threads to the inch so that one complete 
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turn of the screw in a left-hand direction will open the micrometer 
J4o of an inch. On the edge of the collar is a circular scale divided into 
25 divisions; hence, when the screw is turned through one of these divi¬ 
sions, the micrometer will open X Ko in. = Hooo in. The shaft 
on which the collar turns is marked into tenths of an inch and each 
is subdivided into four parts. Each of these parts must be equal to 
in. by in. = 0.025 in. Therefore a complete rotation 


ThumbScrew 
/ Circular Scq/e 


index Line 
Anvil ' 




Side Elevation Pdrtial Longitudinal Section 

Fig. 3.— A micromotor caliper. 


of the collar or 25 of its divisions will equal one division of the shaft 
or 0.025 in. 

8. To read a micrometer (see Fig. 4 and the paragraph above) note 
the number on the circular scale nearest the index line. This indicates 
the number of thousandths. Note the number of small divisions uncov¬ 
ered on the shaft scale. Each one of these small divisions indicates 
0.025 in. (%oo). Add together the number of thousandths indicated 
on the circular scale and 0.025 X the number of small divisions wholly 
uncovered on the shaft scale. The sum will be the distance that the 
jaws are apart. 



Shaft Scale *,000 Shaft Scalei5x.025 Shaft Scale */Ox. 025 


Reading ,02! Reading *,087 Reading -.255 


Fig. 4.—A micrometer caliper. 


EramjAes arc snown in Fig. 4. 


9. Classification of Wires or Cables.—Electrical conducting wires and 
cables may be classified in several different ways depending upon the 
particular factor of consideration as follows: 

1. 'According to degree of covering of wire or cable. 

2. According to material and make-up of electrical conductor. 

3. According to number of conductors in cable. 
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4. If insulated, according to insulation employed. 

5. According to protective covering. 

6. According to service. 

10. Classification According to Degree of Covering.—Probably the 
broadest classification of electrical wires and cables is according to the 
degree of covering employed, as follows: 

1. Bare. 

2. Covered but not insulated. 

3. Insulated and covered. 

In many cases bare conductors without any covering over the metallic 
conductors are employed for electrical circuits. The conductors are 
supported on insulators so spaced depending upon the voltage of the 
circuit that the length of the air space between the conductors will pro¬ 
vide sufficient insulation. Bare conductors are employed for the major¬ 
ity of overhead transmission lines. They are also used for certain 
overhead telephone and telegraph circuits. The National Electrical Code 
by special permission will allow bare conductors for feeder circuits not 
exceeding 600 volts provided they arc installed in a chase, channel, or 
shaft of non combustible material in a building of fire-resistant construction. 

There is a definite distinction between the meaning of the words 
covered and insulated as applied in electrical cable terminology. Insu¬ 
lated wires and cables consist of an electrical conductor covered with 
some form of electrical insulation and an outer protective covering over 
the insulation. With covered wires the conductor is protected against 
mechanical injury by some form of covering applied directly over the 
conductor. This covering, however, does not provide insulation of the 
wet conductor to any great extent and often even becomes a fair con¬ 
ductor itself when moist. The covering cannot, therefore, be relied 
upon to afford consistently any insulation beyond that of the air spacing 
between the conductors. 

11. Three types of covered wires are manufactured: weatherproof 
(W P), slow-burning (S B), and slow-burning weatherproof (S B W) (sec 
item 1 in Table 137 for illustration). Weatherproof, more correctly 
called weather-resisting, wire and cable is the general standard for aerial 
distribution and low-voltage transmission circuits. It is also used for 
exposed interior wiring where the installation is exposed to corrosive 
vapors or moisture. Slow-burning (heat-resisting) wires and cables are 
employed for exposed interior wiring. The National Electrical (-ode 
permits their use for wiring in conduit, surface raceways, and electrical 
metallic tubing when the installation is exposed to temperatures exceed¬ 
ing those permitted for rubber- or varnished-cambric-insulated wires or 
cables. These cables should be used only in dry locations, and therefore 
they are not suitable for outdoor service. They should not be used 
where the temperature will exceed 194°F. (90°C.). Slow-burning 
weatherproof wires and cables were used to a considerable degree at one 
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time. They are now seldom used, and their manufacture has been 
discontinued by many companies. This type of covered wire or cable 
is allowed by the National Electrical Code for exposed interior wiring in 
dry locations where the temperature does not exceed 194°F. (90°C.). 
It is not suitable for outdoor service. 

12. Weatherproof covered wire is available in two types. Both types 
are designated asURC and are manufactured according to specifications 
recommended by the Utilities Research Commission. The two types 
are distinguished by at least one manufacturer as O. K.-U R C and 
Peerless U R C. The O. K. is the more common type. The wire is 
covered with two or three weatherproof cotton braids applied directly 
over the conductor. The braids are saturated with a black asphaltic 
compound. The outside surface of the outer braid is coated with mica 
flake to provide a smooth surface free of tackiness. The Peerless type 
is a better grade covering and in addition to its longer life characteristics 
provides some degree of over-all electrical insulation to the conductor. 
The construction consists of a compacted pad of unspun cotton wrapped 
helically directly around the conductor and filled with asphalt. This 
provides a homogeneous wall of insulation without the usual braid 
interstices encountered in ordinary weatherproof covered wire. The 
asphalt-impregnated cotton pad is covered with a standard outer weather¬ 
proof braid. Peerless wire is made in two types which are designated 
as double and triple braid. Actually there is only one braid in both 
types, but the combination of the cotton pad of different thicknesses, 
respectively, and the braid give a covering which is equivalent in thick¬ 
ness to the regular double- or triple-braid O. K. wires. Weatherproof 
covered wire is available with the conductor material consisting of copper, 
solid copperweld, solid bronze, composite eopper-copperweld, all alumi¬ 
num, or steel-reinforced aluminum (see Tables 138 to 141 for data). 

13. Slow-burning weatherproof conductors have a covering consisting 
of an inner weatherproof coating and an outer heat-resisting coating. 
The National Electrical Code requires that the heat-resisting coating be 
six-tenth the thickness of the entire coating. To meet this condition the 
manufacturers use one weatherproof braid and two heat-resisting braids. 
The heat-resisting compound consists of a mixture containing white lead, 
oxide of zinc, chalk, or some similar substance. The outer braid is 
rubbed smooth on the outside and finished as for weatherproof covered 
wire. 

Wires with a heat-resisting outer coating have the advantage that 
dust and lint do not readily adhere to their outer surfaces, as is often 
the case with weatherproofed braids. If dust does collect, it can be 
easily swept off. Slow-burning weatherproof wire is cheaper than slow- 
burning wire (see Table 138 for data and item 1 of Table 137 for illustration). 

14. Slow-burning (heat-resisting) wire or cable is covered with three 
braids impregnated with a heat-resisting compound, as is used on the 
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outer braids of slow-burning weatherproof conductors. The outer braid 
is rubbed to a smooth hard white finish (see Table 138 for data and item 1 
of Table 137 for illustration). 

15. Material and Make-up of Electrical Conductors.—The conductor 
may consist of a single solid wire or a stranded cable made up of several 
individual bare wires twisted together. Stranded conductors are more 
flexible than a single solid wire of the same sectional area. The flexibility 
of the cable increases with the number of strands and also depends upon 
the manner of arranging the individual strands in the make-up of the 
conductor. Solid wires are used for conductors of the smaller sizes and 
stranded cables for the larger sizes. In the intermediate sizes both solid 
and stranded conductors are available. 

Electrical conducting cables are made of copper, aluminum, steel, 
bronze, or a combination of either copper or aluminum with steel. 
Copper is the material most commonly employed, owing to its high 
conductivity. Practically all insulated wires and cables employ copper 
conductors. Wires and cables made of aluminum, steel, or combination 
of one of these materials with copper are frequently found to be more 
economical for certain classes of aerial construction. All-steel conductors 
are employed for telephone and telegraph work and certain rural dis¬ 
tribution lines with light load densities. Steel-copper conductors are 
employed for long-span river crossings of power lines and for certain 
rural distribution lines. 

A classification of electrical conductors with respect to standard 
materials and make-ups available is given below: 

A. Copper. 

1. Solid. 

a. Round. 

b. Grooved. 

c. Figure eight. 

d . Figure nine. 

e. Square or rectangular. 

2. Standard concentric stranded. 

a. Class AA. 

b. Class A. 

c. Class B. 

d. Class C. 

e. Class D. 

3. Standard rope stranded. 

a. Class G. 

b. Class H. 

c. Class J (Bunched-stranded ropes). 

d. Class L (Bunched-stranded ropes). 

4. Bunched stranded. 



106 


AMERICAN ELECTRICIANS ' HANDBOOK [Div. 2 


5. Annular concentric stranded. 

6. Special stranded. 

7. Compack stranded. 

a. Round. 

b. Sector. 

c. Segmental. 

8. Hollow-core stranded. 

9. Tubular segmental (Type HH). 

B. Iron or steel. 

1. Solid. 

2. Stranded. 

C. Copper-steel. 

1. Copperweld. 

a. Solid. 

b. Stranded. 

2. Copperweld and copper. 

3. Copper and steel stranded. 

7). Aluminum (stranded). 

En Aluminum and steel (A.C.S.R..). 

F. Bronze. 

Refer to Table 81 for illustrations and applications of different make¬ 
ups. Refer to Table 82 for guide to applications of conductor materials. 

16. Copper wire is made in three grades of hardness known as hard- 
drawn, medium hard-drawn, and soft or annealed. Hard-drawn wire 
has the greatest tensile strength and the least amount of elongation 
under stress and is the stiffest and hardest to bend and work. Soft- 
drawn or annealed wire has the lowest tensile strength and the greatest 
elongation under stress and is very pliable and easily bent. Medium 
hard-drawn wire has characteristics intermediate between those of 
hard-drawn and soft-drawn wire. The conductivity of copper wires 
decreases slightly as the degree of hardness increases. However, there* 
is relatively little difference in the conductivity of the different grades. 

Hard-drawn wire is used for long-span transmission lines, trolley 
contact wires, telephone wires, and other applications where it is desirable 
to have the highest possible tensile strength. 

Medium hard-drawn wire is employed for such applications as short- 
span distribution circuits and trolley feeders, where slightly lower tensile 
strength is satisfactory and greater pliability is desired. 

Soft-drawn or annealed copper is used for all covered or insulated 
copper conductors except weatherproof covered cables. Wires with this 
covering are available in all the three grades of hardness of copper. Bare 
or weatherproof covered soft wire is used in aerial construction only for 
short spans. 

Copper wire used for rubber-insulated cable must be tinned in order 
to protect the copper against chemical action caused by contact with the 
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rubber. Tinned copper wire is made by coating copper wire with 
pure tin. 

17. Make-up of Copper Conductors.—Copper conductors are manu¬ 
factured in various forms of make-up as listed in Sec. 15, depending 
upon their size and application. An understanding of the construction 
of the different make-ups and their applications can be gained from 
Table 81, Div. 2. The employment of solid or stranded conductors 
and the class of stranding used depend upon the degree of flexibility 
desired. Tables 83 to 89 give information on the standard strandings. 
For very flexible cables for special applications, special strandings are 
employed. There is no fixed standard for these special strandings, prac¬ 
tice varying with different manufacturers. Data for bare copper con¬ 
ductors of the different standard make-ups are given in Tables 84 to 96, 
beginning on page 146. 

18. Iron or Steel Electrical Conductors.—All-steel conductors for 
power circuits are made from special low-resistance, high-strength steel 
stock. They are available in both solid and three-strand construction. 
Each wire is protected by a heavy galvanized coating of zinc. Since the 
economical field of application of all-steel conductors is only for light 
electrical loads, these conductors are manufactured in only three standard 
sizes (see Table 102). The stranded conductors are used in preference 
to the solid wires for longer span construction, owing to their inherent 
damping capacity which reduces the amplitude of their vibration in 
strong lateral winds. 

Commercial galvanized iron wire for telephone and telegraph circuits 
is made in three types designated as Extra Best Best (E.B.B.), Best Best 
(B.B.), and steel (see Table 103). These designations are somewhat 
misleading. They were adopted many years ago and refer to the elec¬ 
trical conductivity of the different grades. All three types are made from 
high-grade materials, and the same standard of galvanizing is employed 
for all. 

Extra Best Best wire has the best conductivity but the lowest tensile 
strength. Its weight per mile-ohm is from 4,700 to 5,000 lb. It is uni¬ 
form in quality, pure, tough, and pliable. It is largely used by com¬ 
mercial telegraph companies, in railway telegraph service, for tie wires, 
and for signal bonding. 

Best Best wire has a lower value of conductivity but greater tensile 
strength. Its weight per milc-ohm is from 5,600 to 6,000 lb. This grade 
is very largely used by telephone companies. 

Steel is a stiff wire of high tensile strength and low conductivity. It is 
very difficult to work but is used on short lines that must be erected at low 
cost, where conductivity is of little importance. Its weight per mile-ohm 
is 6,500 to 7,000 lb. 

19. Copper-steel Conductors. —Electrical conductors consisting of a 
combination of copper and steel are frequently employed for certain types 
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of circuits (see Sec. 15 and Tables 82 and 106). Three general types 
of construction are available as listed in Sec. 15 and are illustrated 
in Table 81. 

Copperweld wire is composed of a steel core with a copper covering 
thoroughly welded thereto by a molten welding process. This process 
produces a permanent bond between the two metals which prevents any 
electrogalvanic action and which will withstand hot-rolling, cold drawing, 
f >rging, bending, twisting, or sudden temperature changes. This wire is 
made in three grades: 30 per cent conductivity, extra high strength; 
30 per cent conductivity, high strength; and 40 per cent conductivity, high 
strength (see Table 104). Solid conductors are made in sizes from No. 12 
to No. 4/0 A.w.g. (see Table 106). Concentric stranded cables are avail¬ 
able in sizes with outside diameters from 0.174 to 0.910 in. (see Table 107). 
Weatherproof covered copperweld solid wire is made in sizes from No. 12 
to No. 2 A.w.g. Rubber-insulated twisted pair cables in size Nos. 14 and 
17 are made for telephone, telegraph, and signal work. Single-conductor 
rubber-insulated wire may be obtained in any size. Rubber-insulated 
parallel drop wire is made in one size only, No. 17 A.w.g. 

Composite cables (copperweld and copper) consisting of a combination 
of certain strands of copper wire with a number of strands of copperweld 
wire arc often found to be economical for aerial circuits requiring more 
than average tensile strength combined with liberal conductance (see 
Table 108 for data). 

Copper and steel cables consist of a combination of copper and steel 
wires stranded together. In the design of the cable the strands of the dif¬ 
ferent materials are not intended to serve in any dual capacity. The 
conductivity of the cable is determined by the sectional area of the copper 
strands. The size of the cable is designated according tr its total sec¬ 
tional area of copper, not according to the total sectional area of the whole 
cable. For instance, a cable designated as No. 4, consisting of two copper 
strands and one steel, has a total sectional area of 62,610 cir. mils and a 
sectional area of copper of 41,740. The area of the copper, 41,740 cir. 
mils, corresponds to the area of a No. 4 wire. The cable is, there¬ 
fore, designated as a No. 4 cable, although its total sectional area 
of copper and steel together is between that of a No. 3 and a No. 
2 wire. 

These copper and steel cables are available in sizes from No. 2 to No. 12. 
All sizes except Nos. 10 and 12 consist of two plain hard-drawn copper 
wires and one extra-galvanized steel wire. Wire cables of size Nos. 10 
and 12 consist of one galvanized hard-drawn copper wire and two extra- 
galvanized steel wires (see Table 109 for data). 

20. Aluminum and aluminum steel-reinforced conductors are often 
found to be economical for transmission and rural distribution circuits. 
Commercial hard-drawn aluminum wire has a conductivity at 20°C. 
of 60.97 per cent or a resistance of 17.010 ohms per cir. mil-ft. Its 



Div. 2] PROPERTIES AND SPLICING OF CONDUCTORS 109 


weight is 0.000000915 (or 91.5 X 10" 8 ) lb. per cir. mil-ft. An all-alu¬ 
minum wire for equal conductivity must have a diameter 126 per cent and 
an area 160 per cent of that of a copper wire (see Table 110 for compara¬ 
tive values). All-aluminum conductors are available either bare or 
weatherproof covered. Stranded construction is always employed (data 
in Table 111). Aluminum steel-reinforced conductors, owing to their 
high tensile strength, arc frequently used for long spans and for high- 
capacity lines requiring heavy conductors. They consist of a concentric 
stranded aluminum cable with a reinforcing steel core. Except in the 
smaller sizes the steel core is made up of several steel strands. 'Aluminum 
steel-reinforced conductors are available either bare or weatherproof 
covered (refer to Table 112 for data). 

21. Number of Conductors.—Bare or covered (not insulated) cables 
must, of course, always be single conductor. Insulated cables are manu¬ 
factured with one, two, three, and in some cases more conductors per 
cable. The choice between single- or multiple-conductor cable is affected 
by so many factors, which vary with the particular installation, that only 
some general suggestions can be made here. The selection will be 
influenced by the practical field conditions and facilities of installation, 
cost of cable and enclosure, physical dimensions of cable and of available 
enclosure, electrical load requirements, and the voltage and type of power 
supply system. Multiconductor cables usually result in lower cable cost, 
smaller voltage drop, and more economical utilization of duct space. 
On the other hand, single-conductor cables are more flexible and are easier 
to splice and install. For underground transmission and primary dis¬ 
tribution applications, single-conductor cable is generally used when the 
voltage is above 35 kv. or when the load is 50,000 kva. or more. For all 
other underground transmission and primary distribution applications, 
both single conductor and multiconductor, are employed. In the past 
the use of multiconductor cable was most common, but at present the 
practice of using single-conductor cable for this field is rapidly growing. 
Single-conductor cable is generally preferred for secondary distribution 
because of the ease in making taps. For interior building wiring single¬ 
conductor cable is most commonly employed. 

22. Cable Assembly.—In the application of electrical conducting wires 
and cables, it is essential to have a general knowledge of the materials 
employed in their manufacture and also of the manner of assembling the 
component parts in the manufacture of the finished cable. In the simple 
case of a bare wire the assembly is, of course, very simple, consisting 
only of the solid or stranded wire of the conductor. For insulated 
cables and especially for multiconductor ones the use of many materials 
and different forms of assembly is involved. The different component 
parts for the more common constructions of insulated cables in the order 
that the parts are employed in the manufacture of the cable are as 
follows: 
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A. Single-conductor cables (see cables 2, 5, 9, 11, 12, 13, 17, and 20 

in Table 137). 

1. Conductor. 

2. Insulation. 

3. Protective covering. 

B. Multiconductor cables. 

1. Without shielding or belting (no insulation around group of 

conductors. See cables 3, 4, 6, 7, 9, 14, 22, 23, 24, 25, 26, 27, 

28, 29, 30, 31, 32, 34, 36, 37, and 41 in Table 137). 

a. Conductor. 

b. Conductor insulation. 

c. Conductor covering. 

(1. Fillers. 

e . Protective covering. 

2. Belted type (insulation around group of conductors. See 

cables 8, 10, and 18 in 'Faldo 137). 

a. Conductor. 

b. Conductor insulation. 

c. ('onductor covering. 

<1. Fillers. 

e. Belt insulation. 

f. Protective covering. 

3. Shielded type (see cables 19, 21, and 33 in Table 137). 

a. Conductor. 

b. Conductor insulation. 

c. Conductor shield. 

d. Fillers. 

e. Binder tape. 

/. Protective covering. 

23. Electrical shielding is often necessary on power cable in order to 
confine the dielectric field to the inside of the cable insulation so as to 
prevent damage from corona or ionization. The shield usually consists 
of a thin (3 mils) conducting tape of copper or aluminum applied over 
the insulation of each conductor. The shielding tape sometimes is 
perforated to reduce power losses due to eddy currents set up in the 
shield. Sometimes a semiconducting tape of cotton with a conducting 
graphite coating is used. These semiconducting tapes are frequently 
employed for the shielding of aerial cable, since, owing to their adhering 
more closely to the insulation, they tend to prevent corona. Table 122 
represents good practice with respect to shielding. 

24. Fillers are used in the manufacture of most multiconductor cables. 
Their purpose is to fill up the spaces between the conductors in order to 
produce a solid round structure for the complete cable. The materials 
commonly employed for these fillers are, saturated jute, asbestos base 
calk, rubber, and, in some cases, cotton. 
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26. Binder tapes are used in the construction of many multiconductor 
cables in order to bind the conductors, shields, and fillers together in 
proper form during the additions of the protective covering. The more 
common types of binder tapes employed are rubber-filled cloth tape, 
combinations of cotton cloth and rubber compounds, steel, and bronze. 

26. Insulation of Electrical Conductors.—Except for aerial construc¬ 
tion, interior exposed wiring on insulators, and special cases of interior¬ 
wiring feeder circuits, it is necessary to cover electrical conductors with 
some form of electrical insulation. An ideal insulating material for this 
purpose should have the following characteristics: 

1. Long life. 

2. Long-time high dielectric strength. 

3. Resistance to corona and ionization. 

4. Resistance to high temperature. 

5. Mechanical flexibility. 

fl. Resistance to moisture. 

7. Low dielectric loss. 

It is impossible to find any one material that is best when considering all 
these essential characteristics. For instance, impregnated paper has the 
highest electrical breakdown strength coupled with longest life of all the 
materials employed for the insulation of conductors. On the other hand, 
it is not moisture resistant, is not so flexible as some other materials, and 
will not withstand such high temperature as asbestos. Several different 
types of insulation are therefore employed. For each particular applica¬ 
tion the insulation should be selected whose over-all characteristics best 
meet the conditions of service encountered in that particular case. 
Section 27 gives a classification of the different types of insulation 
employed and a comparison of their general characteristics and recom¬ 
mendations with respect to temperature limitations. 

27. Rubber Insulation.— Rubber is used more than any other material 
for the insulation of electrical conductors. It has the desirable character¬ 
istics of moisture-resisting qualities, ease of handling and termination, and 
extreme flexibility. On the other hand, it will not withstand so high tem¬ 
peratures or voltage without deterioration as some of the other types of 
insulation. The rubber insulation employed on conductors is a rubber 
compound consisting of a mixture of crude rubber with such other 
ingredients as vulcanizing agents, antioxidants, fillers, softeners, and 
pigments. The different ingredients are combined by the process of 
vulcanization into a single homogeneous material. A large number of 
different rubber compounds are available which have different character¬ 
istics, depending upon the service conditions for which they have been 
developed. It is feasible to include here only those which are in most 
common use. For applications which require special characteristics the 
experts of the cable manufacturers should be consulted for advice with 
respect to the best available compound. 
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is phase-to-phase voltage of system in kilovolts. 
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In general the character of the physical and electrical properties of the 
compound increase with the rubber content. However, crude rubber 
alone would not provide a suitable insulation. The proper choosing and 
proportioning of the other ingredients are important factors in obtaining 
the desired characteristics. 

Code rubber compound is the standard National Electrical Code rubber 
compound which complies with the minimum requirements for rubber 
insulation as specified by the Underwriters’ Laboratories. It contains at 
least 20 per cent of new crude rubber together with antioxidants and accel¬ 
erators which make it a fairly age-resistant insulation. It represents the 
minimum standard of quality for a rubber insulation. Although the 
Code permits the use of this compound up to 5,000 volts, it is not good 
practice to employ it for circuits exceeding 600 volts. It is the author’s 
opinion that its use should be discouraged and that it should be used only 
for temporary work or where required due to competitive bidding. 

Intermediate compound is similar to Code compound but of higher 
grade, containing at least 25 per cent of new crude rubber. This com¬ 
pound has better physical and electrical characteristics than Code rubber 
but is not generally recommended for voltages exceeding 600 volts. 

A number of high-quality compounds containing 30 per cent of crude 
rubber are made by the different manufacturers. Two compounds known 
as A.S.T.M. 30 per cent Class AO and A.S.T.M. Performance are made 
under specifications of the American Society of Testing Materials and 
provide an exceptionally high-quality rubber insulation for general 
application. Both of these compounds must meet the same minimum 
specifications with respect to physical and electrical properties. The dif¬ 
ference in the two compounds lies in the fact that the A.S.T.M. 30 per cent 
Class AO must meet a definite chemical analysis specification which is not 
required for the performance compound. The elimination of the chemi¬ 
cal analysis permits the manufacturer to take advantage of new and 
improved ingredients as they are developed, thus continually improving 
the compound. 

Heat-resisting rubber compounds have been developed which will 
withstand considerably higher temperatures than the other rubber com¬ 
pounds. The most commonly used compound of this type is known as 

performite. 

Moisture-resistant rubber compounds are available for installations 
wnere the cable will be subjected to wet conditions. These compounds 
are designated as moisture-resistant or submarine compounds. The 
crude-rubber content varies from 30 to 60 per cent, depending upon the 
quality of insulation required. 

A very high grade compound consisting of 90 per cent unmilled grainless 
rubber is sometimes employed for small wires where it is desired to limit 
the diameter of the wire to as small a value as possible. This compound 
is known as latex. 
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Several other compounds which are not standardized and are designated 
by the individual manufacturer’s trade names are available to meet special 
conditions of service, such as resistance to water, chemicals, ozone, and 
corona. 

29. Paper Insulation.— Impregnated-paper insulation provides the 
highest electrical breakdown strength, greatest reliability, and longest 
life of any of the matenals employed for the electncal insulation of con¬ 
ductors It will safely withstand higher operating temperatures than 
either rubber or varnished-cambric* insulations. On the other hand it is 
not moisture resistant and must always be piotected by a covering 
which will protect the insulation from moisture, such as a lead sheath. 
Paper-insulated cables are not so flexible and easv to handle as varnished- 
cambric or rubber-insulated cables and require gi eater care and time for 
the making of splices Two methods are employed for insulating con¬ 
ductors with impregnated paper Cables made by these methods arc 
designated as either solid type or oil-filled. 

The solid-type insulation is composed of lavers of paper tapes applied 
helically over the conductor and impiegnated with mineral oil (sometimes 
mixed with resin when so specified) The* oil must be heavy enough to 
prevent bleeding when the cable is tut foi splicing and terminations but 
at the same time must remain semifluid at the lowest operating tempera¬ 
tures. Tor cables installed as vertical users, on steep grade's, or under 
high operating temperatures, a heavier oil, designated as nonniigiating 
compound, is sometimes emploved m order to prevent the migration of the 
oil from the high to the low points of the cable The ordmarv solid- 
type, impregnated-paper insulation will give oft inflammable and explo¬ 
sive gases when exposed to extreme Iv high temperatures It is common 
practice to clear cable failures on low-voltage network cables bv leaving 
the power on and burning the fault clear In order to reduce the possi¬ 
bility of damage to ducts and manhole structures from consequent explo¬ 
sions, special noninflammable, nonexplosive compounds are sometimes 
used for the impregnation ot the paper insulation 

The paper of oil-filled cable is impregnated with a relatively thin liquid 
oil which is fluid at all operating temperatures. The cable is so con¬ 
structed that channels are provided for longitudinal flow of the oil, and oil 
reservoirs are provided at suitable points in the cable installation. A posi¬ 
tive pressure of moderate magnitude is thus maintained on the oil at all 
times, which prevents the formation of voids in the insulation due to 
changing temperature, stretching, or deformation of the load sheath 
When the cable is heated by load, the oil expands and flows lengthwise of 
the cable through the channels of the cable into the joints and out into the 
reservoirs. When the cable cools and the oil m the cable contracts, oil is 
forced back through the channels of the cable from the oil reservoirs 
Any damage to the lead sheath will allow the entrance of moisture into a 
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solid-type insulated cable. With oil-filled cable unless the damage is 
too severe, the positive internal oil pressure will prevent the entrance 
of moisture, so that, although there will be some loss of oil, operation can 
continue until it is convenient to make repairs. 

The paper insulation of cables must be protected against moisture. 
This is usually accomplished by a tightly fitting lead sheath, which is 
extruded over the insulated cable during manufacture. In some special 
high-voltage installations called Oilostatic Transmission Systems, the 
lead sheath is used only temporarily for protection of the insulation during 
manufacture and shipment. In this system the insulated conductors, 
which are of the solid type, are contained in a buried metal pipe which 
is filled with oil maintained at a constant high pressure. The temporary 
lead sheath is stripped from the cable during installation. 

A special grade of untreated paper is sometimes employed for insulating 
magnet wires. It is applied to the conductor in ribbon form as a helix 
with approximately one-third to one-half lap. This makes a low-cost 
insulation of constant thickness and slightly higher dielectric strength 
than that provided by cotton yarn but it is less sturdy. 

30. Varnished-cambric insulation has characteristics which are, in 
almost every respect, midway between those of rubber and paper. It is 
more flexible than paper but not so flexible as rubber except for large 
insulated cables. It is reasonably moisture resisting so that it does not 
always have to be covered with a lead sheath, but it cannot be operated 
without such protective covering if continuously immersed or if in con¬ 
tinuously moist surroundings. With respect to dielectric strength, 
allowable temperature, and resistance to ionization and corona it is 
better than rubber but not so good as impregnated paper. Varnished 
cambric is not affected by ordinary oils and greases and will withstand 
hard service. 

The term varnished cambric is misleading, since the cotton-fabric base 
of the insulation is not cambric. The correct designation should be 
varnished cloth, but because of long-established custom it is designated as 
varnished-cambric insulation. Varnished-cambric-insulated cable con¬ 
sists of conductors which are helically wrapped with cotton tape which has 
been previously filled and coated on both sides with insulating varnish. 
During the wrapping process a heavy nonhardening mineral compound is 
applied between the tapings to act as a lubricant when the cable is bent 
and, also, to fill up all spaces so as to prevent ionization and possible 
capillary absorption of moisture. Two types of varnished cloth are in 
common use for cable insulation, the standard black finish, and the heat- 
resisting type. 

31. Asbestos provides a truly heat-resisting insulation which is suitable 
for use at temperatures beyond the limits allowable for other standard 
forms of cable insulation. However, it is only satisfactory for low-voltage 
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installations (not more than 8,000 volts), since it cannot be applied to the 
conductors in a manner to give high dielectric strength characteristics to 
the cable insulation. Asbestos-insulated cables for power work are made 
in two types of construction: all asbestos or felted asbestos, and asbestos- 
varnished cambric. 

All-asbestos or felted-asbestos insulated cable is made by covering the 
conductor with a wail of asbestos fibers which are felted and saturated with 
flame- and heat-resisting compound, or flame-, heat- and moisture-resist¬ 
ing compound. 

Asbestos-varnished-cambric cable is insulated in the following manner: 

1. Wall of felted asbestos, saturated with flame-, heat-, and moisture- 
resisting compound. Not included in solid conductor constructions No. 
8 A.w.g. and smaller. 

2. Wall of varnished cloth tapes applied as a series of helical wraps. 

3. Wall of felted asbestos, saturated with flame-, heat-, and moisture 
resisting compound. 

The varnished cambric employed may be of either the standard 
black finish or the heat-resisting type. For certain types of cable, part 
1 of the insulation, as listed above, is eliminated. 

Asbestos coverings are used for magnet wire which must operate 
at high temperatures. It is bonded to the conductor by means of a coat 
of bonding insulating varnish. The asbestos covering is generally coated 
with insulating varnish or some compound in order to retard the penetra¬ 
tion of moisture into the insulation and to increase the dielectric strength, 
thermal conductivity, and abrasion resistance. 

32. Synthetic rubberlike compounds have been developed for the 
insulation of conductors. They possess characteristics of immunity to 
certain deteriorating influences, such as gasoline, oil, acids, sunlight, 
ozones, and alkalies, to a much higher degree than other insulations. 
They are used for special service conditions in power wiring and portable 
cable. 

Wire insulated with a solid synthetic compound and with no outer pro¬ 
tective covering is sometimes used for the rewiring of existing installa¬ 
tions. Since no outer covering is required over the insulation, the over-all 
diameter of the cable is less than any other acceptable type. This small 
diameter is often a great advantage in rewiring old installations as it 
allows the current capacity of the raceway to be increased to the maxi¬ 
mum possible amount. 

A synthetic resin compound has recently been developed for insulation 
of magnet wire. 

33. Cotton yam is often employed for the insulation of magnet wire. 
The wire is covered with one or more wraps of helically wrapped 
unbleached cotton yarn. When more than one wrap is employed, each 
wrap is applied in the reverse direction to that of the next inner wrap. 
The untreated cotton is neither heat resisting nor impervious to moisture. 
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It is not fully considered to be an insulation, and coils wound with it should 
be treated or impregnated with an insulating compound by an approved 
process. The cotton yarn acts as a mechanical separator holding the 
conductors apart and providing a medium for the absorption and reten¬ 
tion of the impregnating material. Cotton yam is also used as a protec¬ 
tive covering for enamel-insulated magnet wire. 

34. Enamel is widely used as an insulation for magnet wire. It has 
excellent resistance to moisture, heat, and oil and possesses high dielectric 
strength. Enamel wire consists of a comparatively thin, even coating of 
high-grade organic insulating enamel applied directly to the bare wire. 
It is made in two grades known as enameled and heavy enameled. The 
only difference in the two types is in the thickness of the enamel, the heavy 
enamel giving greater dielectric strength and abrasion resistance. 

36. Silk yam is employed in the same manner as cotton yarn (Sec. 33) 
for the insulation of magnet wire. Silk coverings have better dielectric 
characteristics, give a neater appearance, and are mechanically stronger 
than cotton. Otherwise, all the statements in Sec. 33 respecting cotton- 
yarn insulations apply to silk. 

Cellulose-acetate (artificial silk) tape or yarn is being used in many 
applications for the insulation of magnet wire as a substitute for or in 
combination with natural silk. Artificial silk has somewhat better 
electrical characteristics and gives a more uniform thickness of insulation. 
Its strength and abrasion resistance are not so good as those of natural 
silk. 

36. Fiber glass has been developed for the insulation of conductors. 
Up to the present time it has been employed only for the insulation of 
dynamo windings and magnet wire for classes of service requiring opera¬ 
tion at high temperatures. The conductors are wound with one or more 
wraps of alkali-free fiber-glass yarn. 

37. Protective Coverings. —Most insulated conductors have the insula¬ 
tion protected from wear and deterioration due to surrounding conditions 
by some form of covering applied to the cable over the insulation. 
Protective coverings are also used on some noninsulated cables such as the 
weatherproof wire used for distribution purposes (see Covered Wires, 
Secs. 10 and 11). The materials most commonly used for these protective 
coverings are listed in Sec. 38. There is no one covering that will fulfill 
all the protective functions that are required for all classes of installations. 
Each one has its own particular advantages and limitations and conse¬ 
quently proper field of application. In many cases a combination of 
two or more of the different types of coverings is required in order to 
provide the necessary protection to the conductor and its insulation. In 
Tables 123 and 124 the different common types of coverings available are 
listed with the degree of protection that they will provide against the 
more common exposures encountered in service. The tables also give a 
guide to the general field of application of each type. 
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38. Protective Covering Materials and Finishes. 

I. Nonmetallic. 

A . According to material of covering. 

1. Fibrous braids. 

a. Cotton. 

(1) Light. 

(2) Standard. 

(3) Heavy. 

(4) Glazed cotton. 

b. Seine twine or hawser cord 

c. Hemp. 

d. Paper and cotton. 

e. Jute. 

/. Asbestos. 

g. Silk. 

h. Rayon. 

i. Fibrous glass. 

2. Tapes. 

a. Rubber-filled eloth tape. 

b. Combination of cotton cloth and rubber compounds. 

c. Duck tape. 

d. Asbestos. 

e. Paper. 

3. Woven covers (loom). 

4. Unspun felted cotton. 

5. Rubber jackets. 

6. Synthetic jackets. 

7. Jute and asphalt. 

B. According to saturant. 

1. Asphalt. 

2. Paint. 

3. Varnish. 

C. According to finish. 

1. Stearin pitch and mica flake. 

2. Paint. 

3. Wax. 

4. Lacquer. 

5. Varnish. 

II. Metallic. 

A. Pure lead sheath. 

B . Reinforced lead sheath. 

C. Alloy-lead sheath. 

D. Flat-band armor. 

E. Interlocked armor. 
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F . Wire armor. 

G. Basket-weave armor. 

39. Fibrous braids are used extensively for protective coverings of 
cables. These braids are woven over the insulation of the cable so as to 
form a continuous covering without joints. The braid is generally satu¬ 
rated (Sec. 46) with some compound in order to give resistance to some 
class of exposure such as moisture, flame, acid, etc. The outside braid is 
given one of the finishes described in Sec. 46 depending upon the applica¬ 
tion of the cable. 

The most common braid is one woven from light, standard, or heavy 
cotton yam. These coverings are designated, respectively, as I.P.C.E.A. 
Classes A, B, and 0. I.P.C.E.A. are the initials of the Insulated Power 
Cable Engineers Association. The cotton can be furnished in a variety of 
colors for identification following an established color code in the industry. 

Glazed cotton braid is composed of light cotton yarn treated with a 
sizing material before fabrication. 

Seine-twine or hawser-cord braid is composed of cable-laid, hard- 
twisted cotton yarn, braided to form a heavy durable covering which will 
withstand more rough usage than a braid made from common cotton 
yarn. 

Hemp braid is woven from strong, durable, long-fibered hemp yarn 
which will withstand even rougher usage than seine-twine braid. 

Paper and cotton braid is composed of paper twine interwoven with 
cotton threads. 

Jute braid is woven from yarn composed of twisted jute fibers. 

Asbestos braid is closely woven from long-fibered chrysotile asbestos 
yarn. 

Silk and rayon braids are manufactured in the same manner as glazed 
cotton braid from real or artificial silk yarn. 

Fibrous-glass braid is woven from fine, flexible glass threads and forms 
a covering resistant to flame, acids, alkalies, and oils. 

40. Fibrous-tape coverings are frequently used as a part of the protec¬ 
tive covering of cables. With tape coverings the material employed is 
fabricated into a tape before application to the cable, while with braid 
coverings the yarn is woven into a fabric during its application to the 
cable. In applying tape coverings the tape is wrapped helically around 
the cable, generally with a certain amount of overlapping of adjacent 
turns. The more common types of fibrous tapes employed in cable manu¬ 
facture are listed in Sec. 38. Except for the duck tape, tape coverings 
are never used for the outer covering of a cable. They arc employed for 
the covering directly over the insulation of individual conductors and 
for the inner covering over the assembled conductors of a multiconductor 
cable. They are frequently used under the sheath of a lead-sheathed 
cable. Duck tape made of heavy canvas webbing presaturated with 
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asphalt compound is frequently used over a lead-sheathed cable for 
protection against corrosion and mechanical injury. 

41. Woven covers commonly called loom are used for applications 
requiring exceptional abrasive-resisting qualities. These covers art' 
composed of thick, heavy, long-fibered cotton yarn woven on the cable in 
a circular loom like that used for fire hose. (It is not a braid.) Although 
braid coverings are also woven they are not designated as such. 

42. Unspun felted cotton is manufactured into a solid felted covering 
for cables for some special classes of service. 

43. Several types of rubber and synthetic jacket coverings are available 
for the protection of insulated cable. There does not seem to be any 
standardization of these types of coverings. The different manufacturers 
have their own special compounds designated by their individual trade 
names. These compounds differ from the rubber compounds used for the 
insulation of cable in the fact that thej' have been perfected not for their 
insulating qualities but for resistance to abrasion, moisture, oil, gasoline, 
acids, earth solutions, alkalies, etc. Of course, no one jacket compound 
will provide protection against all the above exposures, as each one has its 
particular qualifications and limitations. 

44. Jute and asphalt coverings are commonly used as a cushion between 
the cable insulation and a metallic armor. Frequently it is also employed 
as a corrosion-resisting covering over lead sheath or metallic armor. It 
consists of asphalt-impregnated jute yarn served helically around the 
cable or of alternate layers of asphalt-impregnated jute yarn serving and 
asphalt weatherproofing compound. 

45. Saturants and Finishes for Fibrous Coverings.—Fibrous braids 
used for covering cables are thoroughly saturated and the outer surface is 
finished in order to provide protection against moisture, flame, weather¬ 
ing, or oil, etc. The common materials employed for saturating the 
braids are listed under B of Sec. 38, and the common materials employed 
for finishing the outer surface under C of Sec. 38. The more commonly 
employed combinations of saturants and finishes are listed in Table 125, 
together with the type of protection provided by each. 

46. A pure lead sheath of uniform thickness tightly applied over the 
insulated cable by the extrusion process is practically the standard cover¬ 
ing for cable for use in underground ducts and other wet locations. 
Where the cable will be exposed to special forms of corrosion, electrolytic 
action, or mechanical strain, one of the other coverings is used in combina¬ 
tion with the lead sheath as a protective covering over the sheath. 

47. A reinforced lead sheath is employed for mechanical strength when 
internal cable hydrostatic pressures exceed 15 lb. per sq. in. This con¬ 
struction consists of a double lead sheath. Around the inner sheath is 
wrapped a tape of hard-drawn copper, bronze, or other elastic metal, 
preferably nonmagnetic in character. This thin tape imparts consider¬ 
able additional strength and elasticity to the sheath. However, it must 
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he protected against wear and corrosion. For this reason a second lead 
sheath is applied over the tape. Such a finish is recommended for inter¬ 
nal pressures up to 30 lb. per sq. in. It is commonly used on oil-filled 
cable near the bottom of severe grades or on solid cable at the base of 
vertical risers and at the bottom of extreme grades where pressure can 
accumulate. 

48. An alloy-lead sheath is employed where additional mechanical 
strength and resistance to crystallization of the sheath are required. The 
most common alloy is one containing 2 per cent tin. Sometimes an 
antimony lead alloy is used. An alloy sheath is more resistant to gouging 
and abrasion during or after installation than a pure lead one. 

49. Flat-band armor usually consists of two steel tapes applied on the 
outside of the cable in such a way that the openings between successive 
turns of the inner tape are covered by the outer tape. Usually these 
tapes are applied over a jute bedding introduced between them and the 
lead sheath or cable insulation; and they are frequently finished with an 
over-all layer of asphalted jute as a protection against corrosion. Ordi¬ 
narily, plain steel tapes are recommended. Where corrosion conditions 
are apt to be severe, galvanized steel or nonferrous materials should be 
used. 

60. Interlocked armor consists of a single strip of interlocking metal 
tape so applied over the insulation of the cable that the cable is always 
protected throughout its length. The interlocking construction prevents 
adjacent tapes from being squeezed together during installation or in serv¬ 
ice, with the consequent damage to the edges of the tapes, which some¬ 
times occurs with flat-band steel armor; and, in addition, it eliminates 
gaps or open spaces as there is no break in the continuity of the interlock¬ 
ing strip. The shape of the armor is such that its physical strength 
against mechanical injury to the cable is superior to that of flat-band 
armor. The rounded surface of the armor tends to deflect blows from 
shovels or picks and also offers an additional buffer effect to blows that 
tend to pierce the armor, thereby minimizing damage to the lead sheath 
and insulation over which it is applied. 

For rubber- or varnished-cambric-insulated cables used for interior 
work the armor is generally applied over a jute bedding which is intro¬ 
duced between the armor and the cable insulation. 

For underground installation a lead sheath under the jute bedding of 
armor is required for paper cables, varnished-cambric cables, or 20 or 25 
per cent Code-rubber cables. 

An over-all asphalt-jute finish is sometimes used as an additional pro¬ 
tection against corrosion, particularly if the cable is to be buried in the 
earth. 

Galvanized steel is the standard material for armor employed in interior 
building wiring. For other power applications plain-steel armor is 
standard and suitable for most installations although galvanized armor 
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will give a longer life. Nonmagnetic materials may be furnished for the 
larger single-conductor cables. Aluminum, copper, or bronze is fre¬ 
quently used where corrosion conditions are apt to be severe. 

51. Wire armor consists of a layer of round metal wires wound helically 
and concentrically about the cable. The standard type employs gal- 
vanized-steel wires but, if desired, wire armor constructed of nonferrous 
materials may be obtained. Wire armor is recommended where extreme 
tensile strength and greatest mechanical protection are necessary. 
Galvanized-steel construction is stronger than nonferrous. Usually a 
layer of asphalt-treated jute is introduced between the armor and the 
sheath to prevent mechanical damage and to minimize electrolytic action. 
Galvanized armor may be used where corrosion would damage the iron, 
and further protection in the form of an over-all asphalt-jute finish is not 
uncommon. 

52. Basket-weave armor is used where light weight and compactness 
are important. It consists of a braid of metal wire woven directly over 
the cable as an outer covering. Either galvanized-steel, bronze, copper, 
or aluminum wire is used for the braid, depending upon the service for 
which the cable is intended. This armor finish is used largely for ship¬ 
board wiring. 

53. Classification of Cables according to Service. 

1. General-purpose power cables (Sec. 64 and Tables 137 to 159). 

2. Nonmetallic sheathed building cable (Sec. 66 and "Fables 137 and 

160 ). 

3. Armored building cable (Sec. 66 and Tables 137 and 1 f> 1 to 163). 

4. Annunciator and dampproof ofhce wire (Sec. 67). 

5. Service cables (Sec. 68 and Table 137). 

6. Aerial cables (Sec. 59 and "Fable 137). 

7. Power cables for direct burial in earth (See. 60 and "Fable 137) 

8. Network cables (Sec. 61). 

9. Series street-lighting cables (Sec. 62). 

10. Ornamental-pole and bracket wire (Sec. 63). 

11. Borehole or mine-shaft cable (Sec. 64 and Table 137). 

12. Submarine cable (Sec. 66 and "Fable 137). 

13. Control cables (Sec. 66 and Table 137). 

14. Electric-transportation-equipment cables (Sec. 67). 

15. Gas-tube-sign cables (Sec. 68). 

16. N-ray cable (Sec. 69). 

17. Portable power cables (Sec. 70 and Table 137). 

18. Flexible cords and fixture wire (Secs. 71 and 72 and Tables 164 and 
165). 

19. Radio wires (Sec. 73). 

20. Automotive and aircraft wires and cables (Sec- 74). 

21. Telephone wires and cables (Sec. 75). 
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22. Cable for shipboard use (See. 76). 

23. Magnet wire (Sees. 77 and 78 and Tables 166 to 172). 

54. General-purpose power cables for underground duets and interior 
wiring are available with rubber-, varnished-cambrie-, paper-, or asbestos- 
insulated copper conductors. The particular type of any one of these 
insulations may be any of the types previously listed, depending upon the 
requirement of the service. 

(lass B stranding is the adopted standard for the conductors of these 
cables, but any one of the more flexible standard concentric or rope stand¬ 
ings is available. In addition, varnished-cambric- and paper-insulated 
cable may be obtained with the following conductor construction: 


Gonsti notion 
('(unpack Round 


Compa(k Sort or 
Annular Conccntnc 
('ompaek Segmental 
Hollow-coie stranded 


Available for 

Single conductor from No. 1 to 1,000,000. Multi¬ 
conductor fiom No. 1 to 1,000,000. (Generally 
employed only for No. 1) 

Multiconductoi No 1/0 and laiger 
Single conductoi, 750,000 to 5,000,000 cir. mils 
Single conductor, 1,000,000 to 4,000,000 cir. mils 
Single conductor, oil-filled papei cables, No. 2/0 to 
2,000,000 cu. mils 


General-purpose power cables are normally constructed in single- and 
three-conductor cables for all tvpes of insulations mentioned. Rubber- 
insulated wires are also regularly made in two-conductor construction. 
Four-conductor cables are not standard construction but can be obtained. 

The most common type of protective covering consists of a rubber-filled 
cloth tape and an outer cotton braid treated with moisture-resisting, 
flame-resisting, or moisture- and flame-resisting compounds. The tape is 
sometimes omitted. For applications where the cable will be subjected 
to rough usage the outer braid should be made of seine twine, hawser cord, 
or hemp. Where high flame resistance is required, asbestos braid should 
be used for the protective covering. For underground duct installation 
and interior wiring in wet locations, lead sheaths should be used. Where 
protection against corrosion, electrolysis, or damage due to accidental 
short-circuiting of open-circuited sheaths is required, the lead sheath is 
protected by an outer covering of duck tape, reinforced rubber, or jute 
and asphalt. For cable subjected to special exposures such as acids, 
alkalies, gasolines, etc., a suitable rubber or synthetic sheath should be 
employed (see Sec. 43). 

The covered (not insulated) wires described in Sec. 10 would be included 
under the classification of general-purpose power cables. 

General-purpose power cables with insulation and covering meeting the 
minimum requirements of the National Electrical Code are frequently 
called building wires and cables. The Code designation letters for these 
cables according to the type of insulation employed are given in Sec. 27 
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of this division and in Div. 8. In addition to these type letters, the Code 
also uses the following suffix letters: 

1. No suffix letter indicates a single insulated conductor. 

2. Suffix letter D indicates a twin wire with two insulated conductors 
laid parallel under an outer fibrous covering. 

3. Suffix letter M indicates an assembly of two or more insulated con¬ 
ductors under a common outer fibrous covering. 

4. Suffix letter L indicates an outer covering of lead. 

5. Suffix letter T indicates that thin-wnll insulation is employed. 

If no number follows the designating letters of a cable, it indicates that 
the cable is for use at not more than 600 volts. Cables for use at higher 
voltages are so designated by adding the following numerical suffixes to 
the letter designations. 

Maximum Permissible 


Numerical Suffix Voltage 

10 1,000 

20 2,000 

30 3,000 

40 4,000 

50 5,000 


The maximum voltages referred to in the table above are the operating 
voltages between phases of single-and two-phase systems, and three-phase 
systems with grounded or ungrounded neutral. 

The thickness of insulation required by the National Electrical Code is 
the same for cables of Types R, R W, R P, and IIH. Small-diameter build 
ing wires employ a thinner than standard wall of rubber insulation, which 
therefore provides a cable with an outside diameter less than that of 
standard cable. The insulation may consist of performance or heat- 
resistant compound. Small-diameter, performance-grade insulated wires 
can only be used for the rewiring of existing raceway installations. The 
Code allows small-diameter, heat-resistant insulated wires to be used for 
general wiring use. It should not be used, however, except for those 
installations where conditions dictate that the first cost of installation bo 
kept at an absolute minimum. 

For data on general-purpose power cables, refer to Tables 137 to 159, 
Div. 2. 

55. Nonmetallic-sheathed building cable is employed for the economi¬ 
cal exposed wiring of residences, farm buildings, small stores, etc. It, 
consists of a two-, three-, or four-conductor, rubber-insulated cable, assem¬ 
bled as shown in Table 137, Div. 2. When desired a bare copper ground 
wire is incorporated in the cable assembly. The ground wire is laid in the 
interstices between the circuit conductors under the outer braid. Non¬ 
metallic-sheathed cable is manufactured under several different trade 
names. The over-all dimensions will differ somewhat with different 
manufacturers (refer to Table 160, Div. 2, for data). 
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66. Armored building cable consists of rubber-insulated copper wire 
protected by a flexible galvanized-steel armor. It is manufactured with 
or without a lead sheath under the armor for protection against excessive 
dampness. The nonleaded type is regularly available in one-, two-, 
three-, and four-conductor assemblies in sizes from No. 14 to No. 2, 
and also in size No. 1 for single conductor only. The leaded type is 
standard in two- and three-conductor assemblies in sizes from No. 14 to 
No. 6, and also in size No. 4 for three conductors only. The construc¬ 
tion of these cables is shown in Table 137. The braid on the individual 
conductors is finished in different colors for identification of any conductor 
in installation. In installing these cables a short fiber bushing (see Sec. 
8) is inserted between the conductors and the steel armor wherever the 
cable is cut. For this reason the cables are frequently called armored 
bushed cables (A B C). The National Electrical Code designation is A C 
for the nonleaded type an<| A C L for the leaded type. They are also 
commonly referred to as B X and BXL, respectively (refer to Tables 161 
to 163 for data). 

Armored ground wire consists of a bare copper conductor with a 
flexible steel armor covering applied directly over the wire. 

67. Annunciator or dampproof office wire is used for low-tension signal¬ 
ing circuits in residences and low-cost installations. Annunciator wire 
consists of a solid copper conductor covered with two servings of soft 
cotton saturated with paraffin. Dampproof office wire consists of a solid 
copper conductor covered with a weatherproof cotton wrap and an outer 
combination colored cotton braid. 

68. Service Cables.—Special multi conductor cables have been devel¬ 
oped to meet the requirements for connecting the pole line of the street 
distribution system with the service-entrance equipment on the consum¬ 
er’s premises. The following terminology derived from their application 
is used for service cables: 

1. Service-Drop Cables.—Overhead service conductors between pole 
and building. 

2. Service-Entrance Cables.— Service conductors which extend 
along the exterior and enter buildings to the meter, switch, or service 
equipment. 

3. Combination Service-Drop and Service-Entrance Cables.—Service 
conductors continuing without break from the pole to the meter, switch, 
or service equipment. 

4. Underground Service-Entrance Cables.—Service conductors 
installed in conduit or directly in the earth and entering the building to 
the meter, switch, or service equipment. 

Service cable is made in four different types designated by the Under¬ 
writers’ Laboratories as follows: 

1. Type SD.—Service-drop cable. 

2. Type SE.—Service-entrance cable. 
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3. Type ASE.—Armored service-entrance cable. 

4. Type USE.—Underground service-entrance cable. 

Information on the application of the different types is given in Div. 8. 

With the exception of Type USE, two general styles of service-cable 

construction are available, designated as non tamperproof and tamper¬ 
proof. In the nontamperproof construction, which is the older style, all 
conductors are insulated. In the tamperproof style, all ungrounded con¬ 
ductors are insulated and the grounded conductor consists of a bare 
conductor concentrically wound over the insulated conductors. The 
tamperproof construction makes diversion of current difficult and prac¬ 
tically impossible without leaving evidence. 

Type USE service-entrance cable is similar in general construction to 
general power cables for direct burial in the earth. 

All service cables are rubber-insulated. The tamperproof st yles employ 
performance-grade compound or A.S.T.M. 30 per cent class AO com¬ 
pound. The grade of compound used for the nontamperproof styles 
varies with different manufacturers. 

Service cables are available in two- and three-conductor assemblies. 

liefer to Table 137 for data. 

59. Aerial Cables.—Bare, weatherproof (weather-resisting) covered, 
and rubber-insulated tree wire are all used for overhead pole-line power 
circuits. Bare wire is used for most power-transmission circuits. See 
Sec. 16 and Table 82 for conductor materials employed and their field of 
application. Weatherproof (heat-resisting) covered wire is the general 
standard for distribution and low-voltage transmission circuits. Tree 
wire is used in distribution circuits where heavy tree growth would make 
the use of weatherproof wire unsuitable. Tree wire consists of a rubber- 
insulated copper wire protected with an abrasion-resisting covering. 
A.S.A. tree wire is made by different manufacturers according to specifica¬ 
tions of the American Standards Association. The rubber insulation 
(performance compound) is covered with a layer of hard rubber or tough 
fiber tape and an outer braid of seine twine or hawser cord. The braid is 
treated with a special compound in order to render the wiring extremely 
tough and abrasion resisting. The outer surface is given a pitch and mica 
finish. Tree w r ire of better quality than the A.S.A. wire is also made by 
many manufacturers. One common type is a rubber compound or 
synthetic-rubberlike-compound-insulated wire covered with tough treated 
fiber tape and an outer closely w'oven, treated loom covering. A very 
high grade tree wire made by one manufacturer is known as Barkhide. 
The construction consists of a conductor insulated with a special tree- 
wire synthetic compound, covered w r ith a layer of presaturated Rohide 
fiber tape and an outer hawser-cord braid saturated with a special syn¬ 
thetic abrasion-resisting compound. The surface is given a pitch-and- 
mica finish. 
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The application of multiconductor aerial power cables is continually 
increasing. For messenger-type construction, general-purpose power 
cable with an alloy-lead sheath is commonly employed. In order to 
minimize weight of extremely large cables, it is generally advisable to 
eliminate the lead sheath. For such installations two types of cable 
construction have proved satisfactory. One type consists of either paper- 
or varnished-cainbric-insulated cable supplied with a rubber hose jacket 
and an over-all band or interlocked armor of cither steel or bronze. The 
other construction has utilized rubber- or varnished-cambric-insulated 
shielded cable and an over-all seine twine or hawser braid saturated with a 
moisture-resisting compound. A layer of rubberized tape or presaturated 
duck tape is interposed between the over-all shielding band and the 
outer braid. The rubber insulation should be a corona-resisting com¬ 
pound except for the lower voltages. 

A recent development is a self-supporting aerial cable which can be 
installed without the use of a supporting messenger cable. The standard 
construction employs a copper conductor insulated with either A.S.T.M. 
30 per cent, Class AO rubber compound or varnished cambric. If desired, 
moisture-resistant or corona-resistant rubber compounds may be used. 
Over the insulated conductors is placed a covering of alternate strands 
of round galvanized-steel wire interlocked with special copper or alu¬ 
minum wires. 

Ttefer to Table 137 for illustrations and additional data. 

60. Power cables for direct burial in the earth without ducts are avail¬ 
able in both metallic and nonmetallic armored types. Cables of different 
manufacturers are fairly common in general construction but differ in 
details of assembly and manufacture. 

The metallic types consist of a lead-sheathed general-purpose power 
cable protected with a jute and asphalt covering or a combination cover¬ 
ing of a flat or interlocking tape armor together with jute and asphalt. 
Rubber is generally used for the insulation, but paper or varnished cam¬ 
bric may be employed if desired. They are available in one-, two-, and 
three-conductor assemblies. These metallic* types are commonly called 
parkway cables. 

The nonmetallic types consist of rubber-insulated conductors protected 
with some form of nonmetallic covering that will provide a moisture seal, 
resistance to corrosion, and sufficient mechanical strength. One type of 
armor assembly consists of a combination of layers of asbestos-base calk 
coatings, asbestos braid filled with asbestos-base calk, and treated fibrous 
tape, all enclosed in a presaturated heavy duck tape. The outer surface 
is finished with pitch and mica flake. A common armor assembly is the 
jute and asphalt covering described in Sec. 44 of this division. Rubber 
and synthetic jackets are also employed for the protective covering of non¬ 
metallic cables for direct burial in the earth. The jackets are frequently 
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enclosed in a saturated duck tape, or sisal braid. All the nonmetallic 
types mentioned are available in one-, two-, and three-conductor assem¬ 
blies. Some two-conductor cables are made with one central insulated 
conductor and one noninsulated conductor concentrically stranded over 
the insulation of the inner conductor. 

Refer to Table 137 for illustrations and additional data. 

61. Network cables were developed primarily for underground duct 
installation for low-voltage secondary network service. They are single¬ 
conductor nonmetallic sheathed cables suitable for circuits operating at 
not more than 600 volts. These cables are insulated with a special rub¬ 
ber compound covered with a layer of tape and an outer heavy cotton 
braid impregnated with a rot-resisting compound. 

62. Series street-lighting cables differ from other power cables in the 
thickness of the insulation employed (see Table 120). They are rub¬ 
ber- or varnished-cambric-insulated single-conductor cables. Cables for 
this class of service are available in the following types: 


Insulation 

Type of covering 

Max. open 
circuit 
voltage 

Suitable 

for 

installa¬ 

tion 

Rubber 

Lead sheath 

8,000 

In ducts 


Lead sheath covered with jute or duck tape 

8 000 

In earth 


Lead sheath with jute, steel tape, and jute over all 

8,000 

In earth 


Synthetic sheath covered with duck tape 

6,000 

In ducts 


Fibrous armor, calk, duck tape 

3,000 

In eaith 


Semiconducting tape, drain wires, duck tape 

10,000 

In ducts 


Semiconducting tape, diain wires, fibrous armoi, 
calk, duck tape 

10,000 

In eaith 


Rubbei sheath without shielding tape 

6,000 

In earth 01 
ducts 


Rubber sheath with shielding t.ip< 

10,000 

In earth or 
ducts 

Varnished 

Lead sheath 

14,500 

In ducts 

cambric 

Lead sheath covered with jute 01 duck tape 

14,500 

In eaith 


Lead sheath wuth jute, steel tape, and jute over all 

14,500 

In earth 


63. Ornamental-pole and bracket cable is a two-conductor, rubber- 
insulated cable specially designed for great flexibility and small over-all 
diameter. They are used for the interior wiring of ornamental lighting 
poles fed by underground cable and for the exterior wiring of pole-type 
bracket or mast-arm street-lighting fixtures. For voltages not exceeding 
4,000, twin-type cable construction is employed, consisting of two rubber- 
insulated, single-cotton-braid-covered conductors laid parallel and 
enclosed in over-all tape and weatherproof braid. For voltages greater 
than 4,000, belted construction is employed. This assembly consists of 
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two rubber-insulated and single-cotton-braid-covered conductors laid 
parallel and enclosed in a close-fitting belt of insulating compound. The 
belt insulation is covered with a tape and weatherproof braid. 

64. Borehole or mine-shaft cables are specially designed to withstand 
the mechanical strains to which long lengths of vertically suspended 
cable are subjected. Both rubber and varnished cambric have been 
employed for the insulation of these cables. The rubber-insulated ones are 
made both with and without a lead sheath while the varnished-cambric 
cables are always lead sheathed. The cable is protected with a steel-tape 
or steel-wire armor. Steel-tape armor should not be used unless sup¬ 
ports can be provided at intervals not exceeding 50 ft. When the cable 
must be supported entirely from the top, wire armor must be used. The 
armor should be designed with sufficient strength to support the entire 
cable weight with a factor of safety of at least 5 and based on a tensile 
strength of 70,000 lb. per sq. in. The wire armor should be served with 
bands of steel wire in accordance with Table 134. Conductor-supported 
cables, instead of the above-described armor-supported ones, are some¬ 
times used for this class of service. The rubber-insulated conductors are 
protected with a strong loom covering and installed in metallic borehole 
casings or conduit. Medium hard-drawn copper is used for the conduc¬ 
tors, which entirely support the cable through conductor clamps and 
strain insulators. 

Cables similar to the steel-armor borehole cables are employed for the 
vertical risers of tall buildings. For nonleaded construction a factor of 
safety of at least 7 should be used in designing the wire armor, while for 
leaded construction the minimum factor of safety should be 4. 

Refer to Table 137 for illustration and additional data. 

66. Submarine cables for installation under water in rivers, lakes, 
harbors, etc., are rubber-insulated power cables protected with a wire 
armor. The more common types of coverings employed are jute and 
wire armor; jute, wire armor, and jute; lead, jute, and wire armor; and 
lead, jute, wire armor, and jute. It is best to consider each submarine 
installation as a separate engineering problem and obtain the recommen¬ 
dations of the cable experts of reliable cable manufacturers. Refer to 
Table 137 for illustration and additional data. 

66. Control cables consist of an assembly of several small conductors 
for carrying the relatively small currents for remote control of motors, 
circuit breakers, or other power equipment; for relay and metering cir¬ 
cuits; for traffic-light control systems; etc. The standard assemblies 
vary from one conductor per cable to 37 conductors per cable. The size 
of the conductors ranges from No. 14 to No. 9. For most installations a 
30 per cent rubber compound is used for the insulation of the conductors, 
although varnished cambric is also employed. For installations where 
the temperature is higher than normal, either a heat-resisting rubber com¬ 
pound or felted asbestos should be employed, the choice depending 
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upon the temperature of the surroundings. Each individual conductor 
is covered with a color-coded cotton braid for protection of the insulation 
and identification of circuits. The conductors are assembled with jute 
fillers and bound together with a rubber-faced or asbestos binder tape. 

For rubber-insulated cables the outer covering may be a standard cotton 
weatherproof braid with a black weatherproof wax finish; a lead sheath; a 
rubber jacket covered with a heavy cotton braid or duck tape; a metallic 
or nonmetallic armor for direct burial in the earth as described for power 
cable in Sec. 60 of this division; or a braid or jute bedding protected by 
interlocking steel-tape armor. With the rubber-jacket construction, 
the binder tape is eliminated. For asbestos-insulated cables the outer 
covering is an asbestos braid saturated with flame-, heat- and moisture- 
resisting compound. Kefer to Table 137 for illustration and additional 
data. 

67. Special cables for electric transportation equipment are manu¬ 
factured in order to meet the particular requirements of this class of 
service with respect to flexibility and resistance to vibration. The con¬ 
ductors are rubber insulated. The cable covering usually consists of 
cotton braid or a rubber jacket. 

68. Cables for gas-tube sign and oil-burner ignition systems should be 
of a type approved by the Underwriters’ Laboratories for this service. 

The Underwriters’ designations for approved cables for this service are 
GTO-5, GTO-10, and GTO-15. In each case the numeral indicates the 
cable rating in kilovolts. Approved cables made by different manufac¬ 
turers differ in details of construction. All employ a rubber compound 
for the insulation. A color-coded thread is run in the strands of the con¬ 
ductor as a voltage marking. A red thread indicates that the cable is 
satisfactory for 5,000 volts, yellow indicates 10,000 volts, and blue 
indicates 15,000 volts. The following coverings are available: glazed 
cotton with lacquer finish, weatherproof cotton braid with pitch and 
mica finish, cotton braid encased in lead sheath, and cotton braid encased 
in a basket-weave braid of tinned copper wires. 

69. X-ray cables are designed to meet the special conditions encoun¬ 
tered in the power-supply circuits to high-voltage X-ray tubes and similar 
equipment. As made by one manufacturer, they consist of a core made 
up of one or two rubber-insulated conductors for the cathode circuit. 
This core is enclosed in a flexible braid of tinned copper wires, which serves 
as the anode conductor. This braided conductor is insulated with a wall 
of synthetic compound covered with a special tape and a flexible closely 
woven shielding braid of tinned copper wires for the ground connection. 
In purchasing cable for this class of service the cable experts of the 
manufacturers should be consulted. 

70. Portable power cables are designed for circuits supplying power to 
portable power equipment such as electric shovels, dredgers, air com¬ 
pressors, welders, etc. The individual conductors are generally insu- 
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lated with a 40 per cent rubber compound. Cables of this type for 
voltages not exceeding 600 volts may be obtained with the following pro¬ 
tective coverings: heavy cotton braid, seine-twine braid, loom sheath, 
rubber jacket, or jute and wire armor. These coverings are listed in the 
order of increasing resistance to wear. Only rubber jackets or jute-and- 
wire-armor coverings are employed for cables for voltages exceeding 600 
volts. These high-voltage cables may be obtained in the following 
types: 


r I ype 

C’ovciing 

Ground 

wires 

! 

Shielding 

Max. voltage 
recommended 

W 

Rubber jacket 

Without 

None 

2,500 

G 

Rubber jaeket 

With 

None 

5,000 

SH-A 

Rubber jacket 

Without 

On each conductoi 


SH-B 

Rubbei jacket 

Without 

Over cabled conductor 


vSII-C 

Rubber jacket 

With 

Over cabled conductor 

0,000 

SH-D 

Rubber jacket or jute and 

With 

On each conductoi 



wire armor 

No standard, consult manufacturers 
_ 1 _ 1 _ 


The conductors of portable power cables are made especially flexible 
by the use of ('lass G or H stranding (see Table 86 ), or, for special applica¬ 
tions requiring even greater flexibility, special stranding may be employed. 
Single-conductor cables are regularly available in sizes from No. 8 to 
700,000 cir. mils. Two-, three-, and four-conductor cables are standard 
in sizes from No. 8 to No. 4/0. 

Refer to Table 137 for illustrations and additional data. 

71. Fixture wire is used for the wiring inside electric fixtures. There 
are four types of approved single-conductor fixture wire: RF, FF, AF, 
and CF. Type RF is a rubber-insulated solid or stranded wire generally 
covered with a single braid of untreated cotton or silk. Other coverings 
available are weatherproof treated cotton braid, cotton braid with 
lacquer finish, or glazed cotton braid. The thickness of the rubber 
insulation must be at least }^ 4 in. for No. 18 wire, at least J 32 in. for No. 
16, and at least % 4 in. for No. 14 or larger. Fixtures for use on voltages 
of over 300 must have an insulation of at least % 4 in. on the wires, regard¬ 
less of the size of wire. 

Fixture wire made with especially flexible stranding is known as Type 
FF wire. Except for the special stranding it is identical with Type RF 
wire. 

For the wiring of fixtures where the wire will be exposed to temperatures 
in excess of 120°F., the conductors must be protected by a heat-resisting 
insulation. There are two types of fixture wire suitable for these hot 
locations: Type AF and Type CF. Type AF wire is insulated with an 





134 


AMERICAN ELECTRICIANS ' HANDBOOK [Div. 2 


asbestos covering which may or may not be protected by an outer braid of 
cotton or silk. This type of wire must be used for temperatures exceeding 
194°F. (90°C.). Type CF wire is insulated with two braids of cotton or 
other thread impregnated and filled with a fire-resisting compound. 
This type of wire may be used for temperatures not exceeding 194°F. 
(90°(\). Fixtures with mogul sockets should always be considered as 
having their wires subjected to temperatures in excess of 120°F. 

Flexible cords of Types CFG, CFPO, CFPD, AFC, AFPO, and AFPI) 
are multiconductor cords of CF and AF type of construction and may be 
employed for the wiring of fixtures. Rubber-covered flexible cords, are 
also used for the wiring of fixtures. 

72. Flexible cord is the name applied to wires used for connecting 
portable appliances, small tools, or machinery to the receptacles of the 
wiring installation or for the wiring of the portable device itself. Flexible 
cords also are used in the wiring of pendant fixtures from the outlet box 
to the fixture. Table 165 lists the different types of approved flexible 
cords with their uses as allowed by the National Electrical Code rules. 

73. Radio Wires.—Special types of wires have been developed to meet 
the special needs of the radio industry. They include antenna, lead-in, 
coil-lead, hookup, and transmission-line wires and microphone cable. 

74. Automotive and aircraft wires and cables are specially designed to 
meet the special requirements of these two classes of service. They 
include high-tension ignition cables, primary wires for low-voltage service, 
and starter cables. 

75. The telephone industry requires the use of special types of wires and 
cables. The multiconductor cables for main distribution circuits are 
dry-paper insulated, lead covered. A lead-antimony sheath is generally 
employed for aerial and underground installation in conduit or ducts. 
For direct burial in the cartli and for some aerial work the lead sheath is 
protected with jute and steel-tape armor. Specially designed steel-wire- 
armored cables are used for submarine installation. It is common practice 
to terminate these paper-insulated cables by splicing to them a short 
length of textile-insulated, lead-covered cable. A common type of this 
textile-insulated cable employs two layers of silk and one layer of cotton 
insulation on each conductor with the cable protected with a pure lead 
sheath. Rubber-insulated, two-conductor cables protected w T jth a 
weatherproof braid are used for service drops from pole to house. Hard- 
drawn copper, bronze, and coppcrweld conductors are used for these 
cables. 

For circuits exposed to severe moisture and requiring from 2 to 12 
conductors, rubber-insulated, lead-covered cables are frequently used. 

For interior wiring of individual telephone circuits, twisted-pair, rub¬ 
ber-insulated, cotton-braid-covered cables are employed. For exposed 
wiring the braid is glazed cotton, while, for conduit work, weatherproof 
braid is generally used. 
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76. Cables for shipboard use should be designed for the special require¬ 
ments and severe service encountered in installations on board ship. 
Such cables arc generally made in accordance with A.I.E.E. specifications, 
which are approved by the I.P.C.E.A. They are available in the follow¬ 
ing standard types and also in special types to meet the customer’s 
specifications. 

1 . Single-conductor, rubber-insulated braid, with basket-weave armor 
in sizes No. 14 to 2,000,000 cir. mils. 

2. Single-conductor, rubber- or vamished-cloth-insulated, rubber- 
hose jacket, with basket-weave armor in sizes No. 14 to 2,000,000 cir. mils. 

3. Single-conductor, rubber- or varnished-cloth-insulated, leaded, with 
basket-weave armor in sizes No. 14 to 2,000,000 cir. mils. 

4. Two- or three-conductor, with the same types of insulation and 
protection as for single conductors in size Nos. 14 to 2. 

The basket-weave armor may be made of galvanized steel, aluminum 
alloy, copper, or bronze wire. 

77. Magnet wire is the name applied to single-conductor insulated 
wires manufactured for the purpose of winding coils for electrical circuits. 
Round magnet wire is made of soft annealed solid copper wire in sizes 
from No. 46 to No. 4/0. Square- and rectangular-cross-section magnet 
wires are also available. The insulation employed is enamel, cotton, 
silk, cellulose acetate (artificial silk), paper, asbestos, synthetic resin, 
fibrous glass, or combinations of these materials. The different standard 
types of insulation employed are designated by the standardized symbols 
given in Table 166. All magnet wire made by a reliable manufacturer 
will meet certain specifications with respect to physical and electrical 
characteristics that have been standardized by the National Electrical 
Manufacturers’ Association. 

Enameled magnet wire consists of a bare copper wire insulated with a 
comparatively thin, even coating of organic insulating enamel. The 
thickness of the enamel film varies with the diameter of the wire. Enam¬ 
eled magnet wire is made in two grades depending upon the thickness of 
enamel employed. The grade employing the thinner film is designated as 
standard or plain enamel while the other grade, which has a thicker film of 
enamel, is called heavy enamel wire. 

Cotton-covered magnet wire consists of one or more helical, nonover- 
lapping wraps of unbleached cotton yarn applied over the conductor. 
Often it is advisable to use bonded cotton wire. Before applying tho 
cotton yarn the conductor is coated with a high-grade insulating varnish 
in order to provide a bond between the conductor and the first layer of 
cotton. This bonding prevents the slipping of the cotton wrap during 
winding, prevents the unwrapping of the covering when wire is cut, and 
reduces the tendency of the insulation to open up in binding or in the 
crossing of turns. Untreated cotton is neither heat nor moisture resisting 
and is not considered to be a sufficient insulator. Coils wound with this 
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type of magnet wire should therefore be impregnated with an insulating 
compound. 

Silk-covered magnet wire is made in the same general way as cotton- 
covered wire, except that silk yarn is employed for the covering. As 
with cotton, it may or may not be bonded. Its use produces a neater and 
better-looking coil. 

Artificial silk is sometimes employed for the covering of magnet wire. 
In some cases a cellulose-acetate yarn is applied in the same manner as 
real silk, while in others the conductor is helically wrapped with overlap¬ 
ping turns of cellulose-acetate tape. These cellulose-acetate coverings 
have better electrical characteristics than real silk but are not so strong 
mechanically. 

Paper-insulated magnet wire consists of one or more layers of helically 
wrapped insulating paper with overlapping turns applied to the conduc¬ 
tor. It may or may not be bonded. 

Asbestos insulation is employed for magnet wire that must withstand 
high temperatures. The conductor is covered with a bonded layer of 
nonferrous asbestos. The outer surface may be finished in different ways 
to meet the requirements of the specific service. 

Synthetic-resin-insulated magnet wire has recently been developed in 
order to overcome some of the deficiencies of the already existing types. 
It consists of a conductor coating of a combination of synthetic resins 
This coating has much greater resistance to abrasion, continued heat, and 
film softening in solvents. At ordinary room temperatures its electrical 
characteristics are not quite so good as enameled wire, but on the other 
hand at higher temperatures they are somewhat better. 

Fibrous-glass-covered magnet wire is a relatively new' development 
The wire is wrapped with one or more lavers of fibrous-glass yarn. This 
type of wire will withstand especially high temperatures. 

Refer to Tables 166 to 172 for data on magnet wire. 

78. In the selection of the proper type of magnet wire for an> applica¬ 
tion the following factors should be considered: 

1 . Utilization of winding space. 

2 . Resistance to abrasion. 

3. Cost. 

4. Insulating qualities. 

5. Appearance. 

6 . Operating temperatures. 

Tables 167 and 168 have been prepared giving general comparative 
values for the different types of magnet wire in order to serve as a general 
guide in the selection of magnet wire. 

79. Method of Determining the Approximate Diameter of Any Cable.— 
When the approximate over-all diameter of a wire or cable not listed in the 
following tables is desired, it may be determined by means of one of the 
following formulas. Results obtained from these formulas will as a rule 
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give minimum outside diameters. In order to allow for manufacturing 
tolerances, add 50 mils to the outside diameters as obtained from the 
formulas to obtain approximate maximum diameters. 



Wire she - AWG 



6 7 8 9 10 II 12 13 14 15 16 17 IQ 19 ZO 21 22 23 

Wire size - AWG 

Fio. 5. Relative costs of insulated magnet wires. 


For single-conductor cables: 

O.D. * d + 2T -4- 2t c 

For multiconductor nonshielded or belted cables: 

O.D. - K{d + 2T + 2 t e ) + 2 to 
For multiconductor belted cable: 


( 1 ) 

( 2 ) 


O.D. - K{d + 2 T) + 2 t B + 2 1< 


(3) 
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For multiconductor shielded cable: 

O.D. - K(d + 2T + 0.032) + 0.020 + 2 1 0 (4) 

where O.D. = outside diameter in inches; d = diameter of bare round 
conductor in inches; T = thickness of conductor insulation in inches; 
t e = thickness of covering over insulation of individual conductors in 
inches; te = thickness of belt insulation in inches; t 0 = thickness of over¬ 
all protective covering m inches; and K = value from following table: 


Conductor 

Value of K 

Two conductor, round 

2 

00 

Two conductor, flat, max. diam 

2 

00 

Two conductor, flat, mm. diam 

1 

00 

Three conductor, round 

2 

16 

Three conductor, ordinary sector 

1 

95 

Three conductor, compack sector 

1 

90 

Four conductor, round 

2 

41 

Four conductor, ordinary sector 

2 

20 

Four conductor, compack sector 

2 

15 


Procedure in applying above formulas: 

1. Determine manner of assembly of cable. (Table 137 gives informa¬ 
tion on standard types.) 

2. Determine diameters d of bare round conductors of type employed 
from Tables 83 to 93. For all sector cables take value of d equal to diam¬ 
eter of concentric stranded round conductor of equivalent size. 

3. Determine thickness of conductor insulation T from Tables 114 to 
123. 

4. If any covering is used over insulation of individual conductors, 
determine thickness t c from Table 126. 

5 . If cable is belted, determine thickness of belt insulation tu from 
Table 116 or 120. 

6 . Determine thickness of over-all protective covering t u from Tables 
126 to 134. 

Example .—Deteimine outside diameter of a three-conductor, concentric-stranded. 
No. 4/0, varnished-cambric, belted lead-sheathed, 2,200-volt cable. 

From reference to Cable 10 of Table 137 it is detei mined that for such a cable no 
covering would be used over the insulation of the individual conductors and that the 
over-all covering would consist of simply the lead sheath applied directly over the belt 
insulation. The outside diameter will be found from the formula O.D ■» 2.16(d + 2 T) 
+ 2 Ib + 2t 0f since U will equal zero. From Table 83 it is found that Class B stranding 
would be employed. From Table 84 the diameter of a Class B No. 4/0 concent! ic- 
stranded conductor is 0.528 in. From Table 120 the thickness of insulation for 3,000 
volts is 0.094 m. for each conductor and 0.031 in. for the belt insulation. The diameter 
of the cable core under the lead sheath is therefore: 

2.1610.528 + (2 X 0.094)1 + (2 X 0.031) - (2.16 X 0.716) + 2 X 0.031 - 1.609 in. 

From Table 127 the thickness of the lead sheath should be 0.109 in. The over-all 
diameter of the cable is 1.609 (2 X 0.109) — 1.827 inches. This result checks very 

closely with the data of Table 148, which gives 1.820 as the diameter for such a cable. 
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List of Following Tables Giving Wire and Cable Data 


Conductor Make-up 

Table Page 

80 Wire and Sheet-metal Gages. 142 

81 Illustrations and Application of Conductor Make-up. 144 

82 Application of Conductor Materials. 147 

Copper Conductors 

83 Concentric-stranding Data—Diameter Factors. 147 

84 Concentric-stranding Data—Class A and B. 148 

85 Concentric-stranding Data—Class C and D. 149 

86 Rope-stranding Data. 150 

87 Bunched-stranded Rope Data. 151 

88 Bunched-stranding Data. 152 

89 Stranding Practice. 152 

90 Annular, Rope-core-conductor Data.153 

91 Compack-stranding Data—Segmental.153 

92 Compack-stranding Data—Round and Sector. 154 

93 Hollow-core-conductor Data. 155 

Physical Characteristics of Bare Conductors 

94 Solid Copper. 156 

95 Stranded Copper. 158 

96 Copper Trolley Wire. 160 

97 Copper Tubing—Standard Iron Pipe Size. 160 

98 Copper Tubing—Extra-heavy Iron Pipe Size. 161 

99 Copper Tubing—Double Extra-heavy Iron Pipe Size. 161 

100 Flat Bar ("upper. 162 

101 Round Copper Rod. 163 

102 All-steel Power Conductors. 163 

103 Iron and Steel Telephone and Telegraph Wire. 164 

104 General Characteristics of Copperweld Wire. 164 

105 Solid Copperweld Conductors. 165 

106 Application Guide for Copperweld. 166 

107 Stranded Copperweld Conductors. 168 

108 Composite-copperweld Cables. 169 

109 Copper-steel Conductors. 170 

110 Comparison of Characteristics of Copper and Aluminum Wire 170 

111 All-aluminum—Stranded. 171 

112 Aluminum Cable—Steel-reinforced. 172 

Cabue-insulation Practice 

113 National Electric Code Thickness of Insulation for Wires of 

Types R, RH, RP, and RW. 174 
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114 National Electric Code Thickness of Insulation for Wires of 

Types RHT, RPT, RU, and SN. 174 

115 National Electric Code Thickness of Varnished-cambric 

Insulation. 175 

116} 

117(Standard Insulation Thickness for Rubber-, Varnished-cam- 176 

118j brie-, and Paper-insulated Power Cables. to 

119/ 181 

120 Cable Ratings for Series Lighting Cables. 182 

121 Insulation Thickness for Asbestos- and Asbestos-varnished- 

cambric-insulated ('able. 183 

122 Voltage Ranges and Shielding Practice for insulated Cable. .. . 184 


Protective-covering Data 


Standard Protective Coverings. j 

125 Saturants and Finishes for Braided Cables.187 

126 Thickness of Braid Coverings. 188 

127 Thickness of Lead Sheaths. 188 

128 Thickness of Jute Covering over Lead Sheaths.189 

129 Thickness of Tape or Braid Coverings over Lead Sheath. . 189 

130 Thickness of Jute Bedding for Armored Cables. 189 

131 Dimensions of Flat-tape and Wire Armor.190 

132 Dimensions of Interlocking Steel-tape Armor .190 

133 Armor Dimensions for Borehole ('able . 191 

134 Wire Serving for Borehole ('able. 191 

Minimum Bending Radii 

135 Rubber-and Varnished-cambric-insulated Cables. 192 

136 Paper-insulated Cables. . . 193 


Assembly, Weights, and Diameters for Covered and Insulated 


Cables 

137 Illustrations and Explanations of Common Types of Cables. . 194 

138 Weatherproof Ail-aluminum Wire. 209 

139 Weatherproof, Slow-burning, and Slow-burning Weatherproof 

Copper Wire. 210 

140) 

j^ V Weatherproof Aluminum ('able—Steel Reinforced. 212 

142 Rubber-insulated, Single-conductor, Braided, and Leaded 

Cables. 213 

143 Rubber-insulated, Twin-flat, Braided, and Leaded Cables. 214 

144 Rubber-insulated, Two-conductor, Round, Braided, and 

Leaded Cables. 215 
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145 Rubber-insulated, Three-conductor, Braided, and Leaded 

Cables. 216 

146 Varnished-cambric-insulated, Single-conductor, Braided, and 

Leaded Cables. 217 

147 Vamished-cambric-insulated, Three-conductor, 600-volt, Braid¬ 

ed, and Leaded Cables. 219 

148 Varnished-cambric-insulated, Three-conductor, 2,000-8,000- 

volt, Braided, and Leaded Cables. 220 

1491 Paper-insulated (Solid Type), Single-conductor, Compack- 

150 J stranded Cables. 222 

1511 Paper-insulated (Solid Type), Single-conductor, Concentric- 
152J stranded Cables. 224 

153 Paper-insulated (Solid Type), Single-conductor, Annular Rope- 

core Cables. 226 

154 Paper-insulated (Solid Type), Three-conductor Belted Cables. 227 

155 Paper-insulated (Solid Type H), Three-conductor, Shielded 

Cables.*. 228 

156 Paper-insulated (Oil-filled), Three-conductor, Shielded Cables. 229 

157 Paper-insulated (Oil-filled), Single-conductor, Hollow-core 

Cable. 230 

158 All-Asbestos-insulated, Single-conductor Cables. 232 

159 Asbestos-varnished-cambric-insulated, Single-conductor Cables 233 

160 Nonmetallic-sheathed Building Cable. 235 

161 Nonleaded, Solid, Armored Building Cable. 236 

162 Nonleaded, Stranded, Armored Building Cable. 236 

163 Leaded. Armored Building Cable. 237 


Flexible Cords 

164 Classification of Flexible Cords. 

165 Types and Application of Flexible Cords 

Magnet Wire 

166 Standard Nomenclature. 

1681 ^ e * ft ^ ve Characteristics. 

169 Space Factors. 

170 Over-all Diameters. 

171) 

^ 72 J Weights of Insulated Magnet Wire. 


... 237 
... 238 

... 242 

... 243 

... 244 
... 246 

248-249 
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80. Comparison of Wire and Sheet-metal Gage Diameters or Thicknesses 

in Inches 




(1) 


(2) 


(3) j 

(4) 


(5) 


(6) 


(7) 


(8) 


(9) 






Bir- 












Gage 

Ameri- 

Steel 

ming- 

ham 

Stubs 

(British) 

Steel ! 

U. S. 

Ameii- 


Bir- 


can wire 





steel 

standard 

music 







No. 



wire 

iron 






stand- 

can 

nung- 


gage 

gage 

wire 

wire 

wiie 

wire 

ard 

zinc 


ham 


(A.w.g )« 



gage 

gage 

gage 

gage 












(Stubs) 







' 





15/0 










! 






1 

0000 

14/0 









1 

1 






0 

9583 

13/0 
















0 

9167 

12/0 
















0 

8750 

11/0 
















0 

8333 

10/0 
















0 

7917 

9/0 
















0 

7500 

8/0 
















0 

7083 

7/0 



0 

4900 




0 

5000 



0 

5000 



0 

6666 

6/0 



0 

4615 




0 

4640 



0 

4687 



0 

6250 

5/0 



0 

4305 




0 

4320 



0 

4375 



0 

5883 

4/0 

0 

4600 

0 

3938 

0.454 


0 

4000 



0 

4062 



0 

5416 

3/0 

0 

4100 

0 

3625 

0 

425 


0 

3720 



0 

3750 



0 

5000 

2/0 

0 

3650 

0 

3310 

0 

380 


0 

3480 

0 

0087 

0 

3437 



0 

4452 

1/0 

0 

3250 

0 

3065 

0 

340 


0 

3240 

0 

0093 

0 

3125 



0 

3964 

1 

0 

2890 

0 

2830 

0 

3.00 

0 227 

0 

3000 

0 

0098 

0 

2812 

0 

002 

0 

3532 

2 

0 

2580 

0 

2625 

0 

284 

0 219 

0 

2760 

0 

0106 

0 

2656 

0 

004 

0 

3147 

3 

0 

2290 

0 

2437 

0 

259 

0 212 

0 

2520 

0 

0114 

0 

2500 

0 

006 

0 

2804 

4 

0 

2040 

0 

2253 

0 

238 

0 207 

0 

2320 

0 

0122 

0 

2344 

0 

008 

0 

2500 

5 

0 

1820 

0 

2070 

0 

220 

0 204 

0 

2120 

0 

0138 

0 

2187 

0 

010 

0 

2225 

G 

0 

1620 

0 

1920 

0 

203 

0 201 

0 

1920 

0 

0157 

0 

2035 

0 

012 

0 

1981 

7 

0 

1440 

0 

1770 

0 

180 

0 199 

0 

1760 

0 

0177 

0 

1875 

0 

014 

0 

1764 

8 

0 

1280 

0 

1620 

0 

165 

0 197 

0 

1600 

0 

0197 

0 

1719 

0 

016 

0 

1570 

9 

0 

1140 

0 

1483 

0 

148 

0 194 

0 

1440 

0 

0216 

0 

1562 

0 

018 

0 

1398 

10 

0 

1020 

0 

1350 

0 

134 

0 191 

0 

1280 

0 

0236 

0 

1406 

0 

020 

0 

1250 

11 

0 

0910 

0 

1205 

0 

120 

0 188 

0 

1160 

0 

0200 

0 

1250 

0 

024 

0 

1113 

12 

0 

0810 

0 

1055 

0 

109 

0 185 

0 

1040 

0 

0283 

0 

1094 

0 

028 

0 

0991 

13 

0 0720 

1 ° 

0913 

0 

095 

0 182 

0 

0920 

0 

0305 

0 

0937 

0 

032 

0 

0882 

14 

0 

0640 

0 

0800 

0 

083 

0.180 

0 

0800 

0 

0323 

0 

0821 

0 

036 

0 

0785 

15 

0 

0570 

0 

0720 

0 

072 

0.178 

0 

0720 

0 

0342 

0 

0703 

0 

040 

0 

0699 

16 

0 

0510 

0 

0625 

1 0 

065 

0.175 

0 

0640 

0 

0362 

0 

0625 

0 

045 

0 

0625 

17 

0 

0450 

0 

0540 

0 

058 

0.172 

0 

0560 

0 

0382 

0 

0562 

0 

050 

0 

0556 

18 

0 

0400 

0 

0475 

0 

049 

0 168 

0 

0480 

0 

0400 

0 

0500 

0 

055 

0 

0495 

19 

0 0360 

0 

0410 

0 

042 

0 164 

0 

0400 

0 

0420 

0 

0437 

0 

060 

0 

0440 

20 

0 0320 

0 

0348 

0 

035 

0.161 

0. 

,0360 

0 

0440 

0 

0375 

0 

070 

0 

0392 
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Comparison of Wire and Sheet-metal Gage Diameters or Thicknesses 
in Inches ( Continued) 


Gage 

No. 

(1) 

Ameri¬ 
can Hire 

gage 

(A.w.g.)" 

1 

(2) 

Steel 

wne 

gage 

(3) 

Bir¬ 

ming¬ 

ham 

iron 

Hire 

gage 

(Stubs) 

(4) 

. 

Stubs 

steel 

wire 

gage 

(5) 

(British) 

standard 

wue 

gage 

(6) 

Steel 

imisie 

wire 

gage 

(7) 

U. S. 
stand- 
aid 

(8) 

Ameri- * 
can 

zinc 

(9) 

Bir¬ 

ming¬ 

ham 

21 

0 

0283 

0 

0317 

0 

032 

0 

157 

0 

0320 

0 0460 

!. 

0344 

0 

080 

0 

0349 

22 

0 

0253 

0 

0286 

0 

028 

0 

155 

0 

0280 

0 0480 

0 

0312 

0 

090 

0 

0312 

23 

0 

0220 

0 

0258 

0 

025 

0 

153 

0 

0240 

0 0510 

0 

0281 

0 

100 

0 

0278 

24 

0 

0210 

0 

0230 

0 

022 

0 

151 

0 

0220 

0 0550 

0 

0250 

0 

125 

0 

0247 

2”> 

0 

0170 

0 

0204 

0 

020 

0 

148 

0 

0200 

0 0590 

1 0 

0219 

0 

250 

0 

0220 

26 

0 

0150 

0 

0181 

0 

018 

0 

146 

0 

0180 

0 0630 

0 

0187 

0 

375 

0 

0196 

27 

0 

0142 

0 

0173 

0 

016 

0 

143 1 

1 0 

0164 

0 0670 

0 

0172 

0 

500 

0 

0175 

28 

0 

0126 

0 

0162 

0 

014 

0 

139 1 

1 0 

0148 

0 0710 

0 

0156 

1 

000 

0 

0156 

29 

0 

0113 

0 

0150 

0 

013 

0 

134 

0 

0136 1 

0 0740 

0 

0141 



0 

0139 

30 

0 

0100 

0 

0140 

0.012 

0 

127 

: o 

0124 

0 0780 

0 

0125 



0 

0123 

31 

0 

0080 

0 

0132 

0 

010 

0 

120 

0 

0116 

0 0820 

0 

0109 



0 

0110 

32 

0 

0080 

0 

0128 

1 0 

009 

0 

115 

0 

0108 

0 08<>0 

0 

0101 



0 

0098 

33 

0 

0071 

0 

0118 

0 

008 

1 0 

112 

0 

0100 


0 

0094 



0 

0087 

34 

0 

0003 

0 

0104 

0 

007 

0 

110 

0 

0092 


0 

0086 



0 

0077 

33 

0 

0056 

0 

0095 

0 

005 

1 0 

108 

0 

0084 


0 

0078 



0 

0069 

30 

0 

0050 

0 

.0090 

0 

004 

0 

106 

0 

0076 


! « 

0070 



0 

0061 

37 

0 

0045 

0 

0085 



0 

103 

0 

0068 


0 

0066 



0 

0054 

38 

0 

0040 

0 

0080 



0 

101 

0 

0060 


0 

0062 



0 

0048 

30 

0 

0035 

0 

0075 



0 

099 

0 

0052 



1 



0 

0043 

40 

0 

0031 

0 

0070 



0 

097 

0 

0048 






0 

0039 

41 



0.0066 



0 . 

. 095 

0 . 

.0044 






0 . 

0034 

42 



0 

0062 



0 

092 

0 

0040 






0 

0031 

43 



0 

0060 



0 

088 

0 

0036 






0 

0027 

44 



0 

0038 



0 

085 

0 

0032 





t 

0 

0024 

43 I 



0 

0055 



0 

081 

0 

0028 

1 






0 

00215 

40 



0 

0052 



0 

079 

0 

0024 

1 


i 



0 

0019 

47 



0 

0050 



0 

077 

0 

0020 

1 


l 



0 

0017 

48 



0 

0048 



0 

075 

0 

0016 

1 





0 

0015 

49 



0 

0046 



0. 

.072 

0 

0012 






0 

00135 

50 



0 

0044 



0 

069 

0 

0010 



i 



0 

0012 

51 
















0 

0011 

52 



! 








! 





0 

00095 


rt The American wire gage sizes have been rounded off to about the usual limits of 
commercial accuracy. 






144 


AMERICAN ELECTRICIANS 1 HANDBOOK [Div. 2 


81. Make-ups of Electrical Conductors 


Type Illustration 


Application 


Copper 


Solid, round. 

• 


Bare wire in sizes Nos. 4/0 to 45. Covered, non- 
insulated in sizes Nos. 4/0 to 14. Insulated 
in sizes Nos. 6 to 14 for power work. Insu¬ 
lated in sizes Nos. 1/0 to 4fi for magnet wire 

Solid, grooved. 

% 

Trolley contact wire sizes 350,000 cir. mils to 
No. 1/0 

Solid, figure eight.. 


Trolley contact win* sizes 350,000 cir. mils to 
No. 1/0 

Solid, figure nine... 

§ 

Trolley contact wiie size 400,000 eii. mils 

Solid, square. 


§§§ 


Magnet wire ami windings for elect lical 
equipment 

Solid, rectangular.. 


Magnet wire, windings foi electrical equipment, 
bus bars 

Solid, channels.... 


TTm rrrr 


Bus bars 

Solid, angle. 

<> 

Bus bars 

Solid, tubes. 

( 

mk 

Bus bars 

Standard, concen¬ 
tric-stranded .... 


l 

Bare, covered, and insulated in sizes 5,000,000 
cir. mils to No. 20 
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Make-ups of Electrical Conductors (< Continued ) 


Type 

Illustration 

Apphcation 

Standard, rope 

stranded 


Rubber-sheathed cords and cables in sizes 
5,000,000 cir. mils to No 8 

Bunched stranded 


flexible cords and fixture wire in sizes Nos. 
10 to 22 

Annular concentric - 
stranded with 

iope core. 


Varnished-cambric-insulated and solid-type 
paper-insulated single-conductor cables m 
s’zes 5 000 000 to 750 000 cir mils 

( ompack-atranded 
round 

m 

u 

Varnished-cambnc-insulated and solid-type 
paper-mRulated cables m sizes 1,000 000 cir 
mils to No 1 single conductor and size No. 1 
for multu onductor 

( ompac k-stranch d 
sec tor 

y ■* a - ^ 

Multiconductor paper-insulated cables both 
solid and oil-filled types in sizes 1,000,000 cir 
mils to No 1/0 

C ompack-str uided 
segmc ntal 

% ‘VV /• \ . .v\£ir 

Varmshed-cainbric-msulated and solid-type 
paper-insulated single-conductor cables m 
sizes 4,000,000 to 1,000 000 cir mils 

Hollow-core, 

stranded 


Oil-filled paper-insulated single-conductor 

cables m sizes 2,000,000 cir mils to No 2/0 

I ubular-segmcntul 
Ivpe IIII 


High-voltage long-distance transmission 


Iron or Steel 



Bare in size* Noe 
Bare in sizes Nos 
telegraph work 


4, b, arul 8 for power work 
4 to 14 for telephone and 


Solid, round 
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Make-ups of Electrical Conductors ( Continued) 


Type 

Illustration 

Application 

Three-strand 

jfijL 

Bare m sizes Nos 4 6 and 8 


C opperweld 


Solid round 

0 

Bare in sizes Nos 4/0 to 12 Weatherpioof 
covered m sizes Nos 2 to 12 Rubber-insu¬ 
lated single conductors in size Nos 4/0 to 12 
and two conductors in sizes Nob 14 and 17 

Concentric stianded 

# 

Bare or rubber coveied single 
diameters from 0 910 to 0 174 in 

conductor in 


C opperweld and C opper 


Stranded 



Bare m various combinations of stnnds in uil 1< 
sizes from 586 800 cir mils to No 8 Weith 
erproof covered in sizes Nos 2 to 8 


C opper and bteel 


I hrec-strand 

A 

Bare in si/»s Nos 2 to 12 

All Aluminum 

Stranded 


Bare or weatherproof covered in size b 1 55)0 000 
cir mils to No 4 

\lummuin and Steel (A C SR) 

Annular aluminum 
stranded with 

steel core 

. 

% 

Bare m sizes 1590 000 cir mils to No 4 
Weatherpioof covered in sizes Nos 1/0 to 8 

Bronze 

Solid round 

• 

Bare or weatherproof cove re 1 in sizes Nos 4 
to 14 
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82. Application Guide for Electrical Conductor Materials 


Application 

Suitable conductor material 

Copper, soft drawn 

Copper, medium hard drawn 

Copper, hard drawn 

Copperweld 

© 

a 

1 

1 

3 

© 

S 

u 

© 

1 

Copper and steel-stranded 

All aluminum 

Aluminum and steel AC8R. 

c 

s 

o 

% 

© 

K 

2 

PQ 

Bare transmission and 
distribution wires 

1 

J Heavy and 

I medium 

1 loads 

i Short and medium 
J spans 


V 

V 





V 



( Long spans 



V 


v/ 



V 



| Light loads 

j Heavy 

1 loads 

r Short and medium 

J spans 








V 


- 

* Long spans 



v/ 




V 

V 

1 

C overed non-in*mlated 
transmission and 

distribution wires 

I Short and medium 
j spans 

> 

V 





V 




f T ong spans 

V 

V 

\ 

- 





V 



J Light loads 

I Short and medium 

3 spans 








( Long Hpans 



V 

V 

V 



V 


V 

Iinsulated cables 

V 

- 

V 








Telephone and telegiaph lints ground wires 

\ 





V 


Signal circuits 



V 

V 







Trolley contact wires 




1 






V 

Trolley feeders 


V 










83. Factors for Determining Diameter of Concentric-stranded Copper 

Cables® 




Si 







1 actor ! 


Bin 



BIH'I 


ULLil 

1 1 154 


« To determine approximate diameter of bare concentric-stranded copper cables, 
multiply diameter of solid wire of same cross-sectional area by the proper factor from 
above table. 
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84. Stranding Data for Copper Conductors—Concentric Stranded, 
A.S.A. Standards 



Class AA 

Class A 

ClassB- 

A.w.g. 

Cir. mils 

Number 

of 

strands 

Diam. oi 
indi¬ 
vidual 
strands, 

Approx. 

over-all 

diam., 

Number 

of 

strands 

Diam of 
indi¬ 
vidual 
strands, 

Approx, 
over-all 
diam, 

Number 

of 

strands 

Diam. of 
indi¬ 
vidual 
Btrands, 

Approx 
over-all 
diam, 




mils 

m. 


mils 

in. 


mils 

in. 


5,000,000 




169 

172 0 

2 580 

217 

151 8 

2 581 


4,500,000 




169 

163 2 

2 448 

217 

144 0 

2 448 


4,000,000 




169 

153 8 

2 307 

217 

135 8 

2 309 


3,500,000 




127 

166 0 

2 158 

169 

143 8 

2 159 


3,000,000 




127 

153 7 

1 9y8 

169 

133 2 

1 998 


2,500,000 




91 

165 7 

1 823 

127 

140 3 

1 824 


2,000,000 




91 

148 2 

1 630 

127 

125 5 

1 631 


1,900,000 




91 

144 5 


127 

122 3 



1,800,000 




91 

140 6 


127 

119 1 



1,750,000 




91 

138 7 

1 526 

127 

117 4 

1 526 


1,700,000 




91 

136 7 


127 

115 7 



1,600,000 




91 

132 6 


127 

112 2 



1,500,000 




61 

156 8 

1 411 

91 

128 4 

1 412 


1,400,000 




61 

151 5 


91 

124 0 



1,300,000 




61 

146 0 


91 

110 5 



1,250,000 




61 

143 1 

1 288 

91 

117 2 

1 289 


1,200,000 




61 

140 3 


91 

114 8 



1,100,000 




61 

134 3 


91 

109 9 



1,000,000 

37 

164 4 

1 151 

61 

128 0 

1 152 

61 

128 0 

1 152 


900,000 

37 

156 0 

1 092 

61 

121 5 

1 094 

61 

121 5 

1 094 


800,000 

37 

147 0 

1 029 

61 

114 5 

1 031 

61 

114 5 

1 031 


750,000 

37 

142 4 

0 997 

61 

110 9 

0 998 

61 

110 9 

0 998 


700,000 

37 

137 ft 

0 963 

61 

107 1 

0 964 

61 

107 1 

0 964 


650,000 

37 

132 5 


61 

103 2 


61 

103 2 



600,000 

37 

127 3 

0 891 

37 

127 3 

0 891 

61 r 

99 2 

0 893 


550,000 

37 

121 9 


37 

121 9 


61<* 

95 0 



.500,000 

19 

162 2 

0 811 

37 

[ 116 2 

0 814 

37 

116 2 

0 814 


450,000 

19 

153 9 

0 770 

37 

110 3 

0 772 

37 

110 3 

0 772 


400,000 

I lq 

145 1 

0 726 

19 

145 1 

0 726 

37 

104 0 

0 728 


350,000 

12 

170 7 

0 710 

19 

135 7 

0 679 

37 

97 3 

0 681 


300,000 

12 

158 1 

0 657 

19 

125 7 

0 629 

37 

90 0 

0 630 


250,000 

12 

144 3 

0 600 

19 

114 7 

0 574 

37 

82 2 

0 575 

4/0 

211,600 

7* 

173 9 

0 522 

7 « 

173 9 

0 522 

19 

105 5 

0 528 

3/0 

167,800 

7 h 

154 8 

0 464 

T> 

154 8 

0 464 

19 

94 0 

0 470 

2/0 

133,100 

7 

137 9 

0 414 

7 

137 9 

0 414 

19 

83 7 

0 418 

1/0 

105,500 

7 

122 8 

0 368 

7 

122 8 

0 368 

19 

74 5 

0 373 

1 

83,690 

3 

167 0 

0 360 

7 

109 3 

0 328 

19 

66 4 

0 332 

2 

66,370 

3 

148 7 

0 320 

7 

97 4 

0 292 

7 

97 4 

0 292 

3 

52,630 

3 

132 5 

0 285 

7 

86 7 

0 260 

7 

86 7 

0 260 

4 

41,740 

3 

118 0 

0 254 

7 

77 2 

0 232 

* 7 

77 2 

0 232 

5 

33,100 







7 

68 8 

0 206 

6 

26,250 







7 

61 2 

0 184 

7 

20,820 







7 

54 5 

0 164 

8 

16,510 







7 

48 6 

0 146 

9 

13,090 







7 

43 2 

0 130 

10 

10,380 







7 

38 5 

0 116 

12 

6,530 







7 

30 5 

0 0915 

14 

4,107 







7 

24 2 

0 0726 

16 

2,583 







7 

19 2 

0 0576 

18 

1,624 







7 

15 2 

0 0456 

20 

1,022 







7 

12 1 

i 0 0363 


“ Optional construction for No. 4/0 A.w.g. size ui Class A A and Class A is 12 wires of 132.8 
mils diameter. 

b Optional construction for No. 3/0 A.w.g. size in Class AA and Class A is 12 wires of 118 3 
mils diameter. 

f Optional construction for 600,000 C.M size m Class B is 37 wires of 127.3 mils diameter. 
d Optional construction for 550,000 C.M size in Class B is 37 wires of 121.9 mils diameter. 

The above data arc approximate and subject to normal manufacturing tolerances. 
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85. Stranding Data for Copper Conductors—Concentric Stranded, A.S.A. 
Standards ( Continued) 


Size 

Class C 

Class D 

A.w.g. 

Cir. mils 

Number of 
strands 

Diam. of 
individual 
strands, mils 

Approx, 
over-all 
diam., m. 

Number of 
strands 

Diam. of 
individual 
strands, mils 

Approx, 
over-all 
diam., in. 


5.000,000 

271 

135 8 

2 580 

271 

135 8 

2 580 


4,500,000 

271 

128 9 

2 448 

271 

128 9 

2 448 


4,000,000 

271 

121 5 

2 307 

271 

121 5 

2 307 


3,500,000 

217 

127 0 

2 158 

271 

113 6 

2 158 


3,000,000 

217 

117 6 

1 998 

271 

105 2 

1 998 


2,500,000 

169 

121 6 

1 824 

217 

107 3 

1 824 


2,000,000 

169 

108 8 

1 631 

217 

96 0 

1 631 


1,900,000 

169 

106 0 


217 

93 6 



1,800,000 

169 

103 2 


217 

91 1 



1,750,000 

169 

101 8 

1 526 

217 

89 8 

1 526 


1,700,000 

169 

100 3 


217 

88 5 



1,600,000 

169 

97 3 


217 

85 9 



1,500,000 

127 

108 7 

1 414 

169 

94 2 

1 414 


1,400,000 

127 

105 0 


169 

91 0 



1,300,000 

127 

101 2 


169 

87 7 



1,250,000 

127 

99 2 

1 290 

169 

86 0 

1 290 


1,200,000 

127 

97 2 


169 

84 3 



1,100,000 

127 

93 1 


169 

80 7 



1,000,000 

91 

104 S 

1 153 

127 

88 7 

1 154 


900,000 

91 

99 4 

1 095 

127 

84 2 

1 096 


800,000 

91 

93 S 

1 032 

127 

79 4 

1 032 


7,50,000 

91 

90 S 

0 999 

127 

76 8 

1 000 


700,000 

91 

87 7 

0 965 

127 

74 2 

0 966 


650,000 

91 

84 5 


127 

71 5 



600,000 

91 

81 2 

0 893 

127 

68 7 

0 894 


550,000 

91 

77 7 


127 

65 8 



500,000 

61 

90 5 

0 815 

91 

74 1 

0 817 


450,000 

61 

85 9 

0 773 

91 

70 3 

0 774 


400,000 

61 

81 0 

0 730 

91 

66 3 

0 731 


350,000 

61 

75 7 

0 683 

91 

62 0 

0 684 


300,000 

61 

70 1 

0 632 

91 

57 4 

0 633 


250,000 

61 

64 0 

0 577 

91 

52 4 

0 578 

4/0 

211,600 

37 

75 6 

0 529 

61 

58 9 

0 530 

3/0 

167,800 

37 

67 3 

0 471 

61 

52 4 

0 471 

2 0 

133, lCK) 

37 

60 0 

0 419 

61 

46 7 

0 419 

1/0 

105,500 

37 

53 4 

0 376 

61 

41 6 

0 376 

1 

83,690 

37 

47 6 

0 333 

61 

37 0 

0 333 

2 

66,370 

19 

59 1 

0 295 

37 

42 4 

0 296 

3 

52,630 

19 

52 6 

0 261 

37 

37 7 

0 262 

4 

41,740 

19 

46 9 

0 230 

37 

33 6 

0 231 

5 

33,100 

19 

41 7 

0 209 

37 

29 9 

0 21( 

0 

26,250 

19 

37 2 

0 186 

37 

26 6 

0 186 

7 

20,820 

19 

33 1 

0 166 

37 

23 7 

0 166 

8 

16,510 

19 

29 5 

0 147 

37 

21 1 

0 148 

9 

13,090 

19 

26 2 

0 131 

37 

18 8 

0 132 

10 

10,380 

19 

23 4 

0 107 

37 

16 7 

0 117 

12 

0,530 

19 

18 5 

0 093 

37 

13 3 

0 093 

14 

4,107 

19 

14 7 

0 074 

37 

10 5 

0 074 

16 

2,583 

19 

11 7 

0 058 




18 

1,624 

19 

9 2 

0 046 




20 

1,022 

19 

7 3 

0 037 





The above data are approximate and subject to normal manufacturing tolerances. 
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86. Stranding Data for Copper Conductors—Rope Stranded; I.P.C.E.A. 

Standards 


Sue, cir. 
mils or 
A.w.g. 

Stranding data 

Approx. 

over-all 

diam., 

in. 

_i 

Weight 
per 1,000 
ft., net 
lb. 

Flexible stranding (Class G) 

Extra-flexible stranding (Class H) 

Total 

number 

of 

strands 

Diam. of 
indi¬ 
vidual 
strands, 
mils 

Num¬ 
ber of 
ropos 

Number 

of 

strands 

each 

rope 

Total 

number 

of 

strands 

Diam. of 
indi¬ 
vidual 
strands, 
mils 

Num¬ 
ber of 
ropes 

N umber 
of 

strands 

each 

rope 

5,000,000 

1,159 

65 7 

61 

19 

1,729 

53 

8 

91 

19 

2 

959 

16,200 

4,500,000 

1,159 

62 3 

61 

19 

1,729 

51 

0 

91 

19 

2 

805 

14,600 

4,000,000 

1,159 

58 7 

61 

19 

1,729 

48 

1 

91 

19 

2 

646 

13,000 

3,500,000 

1,159 

55 0 

61 

19 

1,729 

45 

0 

91 

19 

2 

475 

11,400 

3,000,000 

1,159 

50 9 

61 

19 

1,729 

41 

7 

91 

19 

2 

294 

9,470 

2,500,000 

703 

59 6 

37 

19 

1,159 

46 

4 

61 

19 

2 

088 

8,090 

2,000,000 

703 

53 3 

37 

19 

1,159 

41 

5 

61 

19 

1 

868 

6,470 

1,900,000 

703 

52 0 

37 

19 

1,159 

40 

5 

61 

19 

1 

823 

6,160 

1,800,000 

703 

50 6 

37 

19 

1,159 

39 

4 

61 

19 

| 1 

773 

5,830 

1,750,000 

703 

49 9 

37 

19 

1,159 

38 

9 

61 

19 


751 

1 5,680 

1,700,000 

70S 

49 2 

37 

19 

1,159 

38 

3 

61 

19 

1 

724 

5,510 

1,600,000 

703 

47 7 

37 

19 

1,159 

37 

2 

61 

19 

1 

674 

j 5,200 

1,500,000 

427 

59 3 

61 

7 

703 

46 

2 

37 

19 

1 

617 

4,860 

1,400,000 

427 

57 3 

61 

7 

703 

44 

0 

37 

19 

1 

561 

4,530 

1,300,000 

427 

55 2 

61 

7 

703 

43 

0 

37 

19 

1 

505 

4,210 

1,250,000 

427 

54 1 

61 

7 

703 

42 

2 

37 

19 

1 

477 

4,060 

1,200,000 

427 

53 0 

61 

7 

703 

41 

3 

37 

19 

1 

446 

3,890 

1,100,000 

427 

50 8 

61 

7 

703 

39 

6 

37 

19 

1 

386 

3,570 

1,000,000 

427 

48 4 

61 

7 

703 

37 

7 

37 

19 

1 

320 

3,240 

900,000 

427 

45 9 

61 

7 

703 

35 

8 

37 

19 

1 

253 

2,920 

800,000 

427 

43 3 

61 

7 

703 

33 

7 

37 

19 

1 

180 

2,590 

750,000 

427 

41 9 

61 

7 

703 

32 

7 

37 

19 

1 

145 

2,440 

700,000 

427 

40 5 

61 

7 

703 

31 

6 

37 

19 

1 

106 

2,270 

650,000 

427 

39 0 

61 

7 

703 

30 

4 

37 

19 

1 

064 

2,110 

600,000 

427 

37 5 

61 

7 

703 

29 

2 

37 

19 

1 

022 

1,940 

550,000 

427 

35 9 

61 

7 

703 

28 

0 

37 

19 

0 

980 

1,790 

500,000 

259 

43 9 

37 

7 

427 

34 

2 

61 

7 

0 

923 

1,610 

450,000 

259 

41 7 

37 

7 

427 

32 

5 

61 

7 

0 

878 

1,460 

400,000 

259 

39 3 

37 

7 

427 

30 

6 

61 

7 

0 

826 

1,290 

350,000 

259 

36 8 

37 

7 

427 

28 

6 

61 

7 

0 

773 

1,130 

300,000 

259 

34 0 

37 

7 

427 

26 

5 

61 

7 

0 

716 

969 

250,000 

259 

31 1 

37 

7 

427 

24 

2 

61 

7 

0 

653 

808 

4/0 

133 

39 9 

19 

7 

259 

28 

6 

37 

7 

0 

802 

686 

3/0 

133 

35 5 

19 

7 

259 

25 

5 

37 

7 

0 

536 

540 

2/0 

133 

31 6 

19 

7 

259 

22 

7 

37 

7 

0 

477 

428 

1/0 

133 

28 2 

19 

7 

259 

20 

2 

37 

7 

0 

424 

339 

1 

133 

25 1 

19 

7 

259 

18 

0 

37 

7 

0 

378 

269 

2 

49 

36 8 

7 

7 

133 

22 

3 

19 

7 

0 

336 

213 

3 

49 

32 8 

7 

7 

133 

19 

9 

19 

7 

0 

299 

168 

4 

49 

29 2 

7 

7 

133 

1 17 

7 

19 

7 

0 

266 

133 

5 

49 

26 0 

7 

' 7 

133 

15 

8 

19 

7 

0 

237 

106 

6 

49 

23 1 

7 

7 

133 

14 

0 

19 

7 

0 

210 

83 

8 

49 

18 4 

7 

7 

133 

11 

1 

19 

, 

7 

0 

167 

52 


See notes at top of page 151, 
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A.w.g. sizes for individual strands are permissible, provided their area is not more than 2 per oent below 
equirea area. Sizes Nos. 2, 3/0, and 4/0 A.w.g. can be supplied in alternate combinations as follows: 


Wire size 

No. 2 A.w.g. 

No. 3/0 A.w.g. 

No. 4/0 A.w.g. 

Total number of strands . 

259 

427 

427 

Diameter individual strands (mils). 

16.0 

19.8 

22.3 

Number of ropes. 

37 

61 

61 

Number of strands each rope. 

7 

7 

7 


Flexible stranded conductors Nos. 10 to 22 A.w.g. are normally supplied in bunched-stranded form; 
refer to Tables 88 and 89. 

Conforms to all requirements of I.P.C.E.A. Project 46. 

The above data are approximate and subject to normal manufacturing tolerances. 


87. Stranding Data for Copper Conductors—Bunched-stranded Ropes; 
I.P.C.E.A. Standards 



ClaMH J 

ClaMH L 



ClaMH J 

Clans L 


Nominal 
Mize, eir. 

Min. 

Min. 

Approx. 

Nominal 

Min. 

Min. 

Approx. 

mils or 
A.w.g. 

number ot 
No. 30 

numbei 
No. 34 

o.ii., in. 

A.w.g. 

number of 
No. 30 

number 
No. 34 

o.d., in. 


A.w.g. 

A.w.g. 



A.w.g. 

A.w.g, 



strands 

Ht minis 



Htrandh 

strands 


1.000,000 

9,951 


1.52 

1 

830 

2,109 

0.44 

900,000 

8.950 


1.43 

2 

001 

1,672 

0.39 

800,000 

7,901 


1.35 

3 

524 

1,326 

0.36 

750,000 

7,403 


1.31 

4 

410 

1,052 

0.31 

700,000 

0,900 


1.28 

5 

330 

832 

0.27 

050.000 

0,408 


1.25 

6 

262 

001 

0.22 

000,000 

5,971 


1.21 

7 

208 

524 

0.20 

550,000 

5,473 


1.17 

8 

105 

410 

0.17 

500,000 

4,970 

12,579 

1.08 

9 

131 

330 

0.10 

450,000 

4,478 

11,321 

1.00 

10 

104 ! 

262 

0.12 

400,000 

3,981 

10,003 

0.96 

12 

05 

i 

105 

0.10 

350,000 

3.483 

8,800 

0.90 

14 

41 

104 

0.08 

300,000 

2,980 

7,557 

0.82 

10 

20 

65 

0.00 

250.000 

2,488 

0,297 

0.78 

18 

10 

41 

0.05 

4/0 

2,106 

5,330 

0.73 

20 

10 

20 

0.04 

3/0 

1,670 

4,227 

0.61 





2/0 

1,325 

3,353 

0.55 





1/0 

1,050 

2,658 

0.49 
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88. Stranding Data for Copper Conductors, Bunched Stranded— 
I.P.C.E.A. Special Strandings 



Class P 

Class Q 

Class R 

Class S 

Class T 

Nom¬ 

inal 

size, 

Fixture wire, 
commercial 

10,000-cycle 
heater cord 

Special fixture 
wire, portable 
coids, etc. 

Type Scord 

Oscillating 
fan cord 

A.w.g. 











Num- 

Size 

Num- 

Size 

Num- 

Size 

Num- 

Size 

Num- 

Size 


her 

strand, 

ber 

strand, 

ber 

strand, 

ber 

strand, 

ber 

strand, 


strands 

A.w.g. 

strands 

A.w.g. 

strands 

A.w.g. 

strands 

A.w.g. 

strands 

A.w.g. 

10 

65 

28 



165 

32 

104 

30 



12 

41 

28 



104 

32 

84 

31 



14 

26 

28 



65 

32 

84 

33 



16 

16 

28 

104 

36 

41 

32 

65 

34 



18 

10 

28 

65 

36 

26 

32 

41 

34 

165 

40 

20 

7 

28 

41 

36 

16 

32 

26 

34 

104 

40 


89. Recommended Stranding Practice for Copper Conductors 


Type of Stianding 
Class A A 
Class A 


Class B. 


Class C and Class D. .. 
Class G. 

Class H 


Class J 
Class L 

Class P 
Class Q 
Class R 
Class R 
Class T 

Bunched stranded 


Recommended Uses 

Foi bare cable 

For weather-resistant (weatheiproof), slow-burn¬ 
ing, and slow-burning weather-resistant cables, 
and for bare cable where greater flexibility 
than is affoided by Class AA is required 

For cable insulated with various materials such as 
rubber, paper, varnished cloth, etc., and for the 
cables indicated under Class A where greater 
flexibility is required 

For cable where greater flexibility is required than 
is provided by Class B cable 

For all rubber-sheathed cords and cables for 
normal use 

For all lubber-sheathed cords and cables where 
extreme flexibility is required, such as for use on 
take-up reels, over sheaves, etc. 

For use in fixture wire, portable cords, etc 

For use in welding cable, heater cor , Type RJ 
cord 

For commercial fixture wire 

For 10,000-cycle heater cord 

For special fixture wire, portable cords, etc. 

For Type 8 cord 

For oscillating fan cord 

For extremely flexible conductois of sizes from 
No. 10 to No. 22 
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90. Annular, Concentric-stranded, Rope-core Conductors—I.P.C.E.A. 

Standard 

(General Cable Corp.) 


Nominal 

size, 

cir. mils 

Actual 

area, 

cu. mils 

Approx, 
rope core 
size, in. 

Number 

of 

strands 

Diam. 

individual 

strands, 

in. 

Max. 
over-all i 
diam., in. 

Weight per 1,000 ft. 

Copper 
only, 
net lb. 

Copper 
and core, 
net lb. 

750,000 

741,735 

0 375 

54 

0 1172 

1 108 

2,312 

2,362 

800,000 

800,805 

0 408 

65 

0 1110 

1 104 

2,497 

2,575 

900,000 

900,565 

0 500 

66 

0 1172 

1 234 

2,826 

2,905 

1,000,000 

1,023,760 

0 563 

05 

0 1255 

1 340 

3,192 

3,304 

1,250,000 

1,260,020 

0 750 

80 

0 1255 

1 533 

3,928 

4,127 

1,500,000 

1,512,024 

1 000 

90 

0 1255 

1 783 

4,714 

5,068 

1,750,000 

1,753,083 

1 125 

107 

0 1280 

1 923 

5,466 1 

5,914 

2 000,000 

1,978,387 

1 3125 

120 

0 1284 

2 114 

6,168 

6,778 

2,500,000 

2,488,320 

1 500 

120 

0 1440 

2 394 

7.758 

8,555 

3,000,000 

3,044,304 

1 625 

116 

0 1020 

2 627 

9,492 

10,427 

3,500,000 

3,595,428 

2 000 

137 

0 1620 

3 007 

11 319 

12,735 

4,000,000 

4,015,332 

2 250 

153 

0 1020 

3 262 

12 641 

14,433 

4,500,000 

4,408,992 

2 500 

168 

0 1620 

3 517 

14 013 

16,226 

5,000 000 

4,960,116 

2 875 

189 

0 1620 

3 897 

15,765 

18,691 


The fallowing tolerances are included in over-all diameters: 


Nominal Size, 

M Cir. Mils 
750-3,000 
3,001-3,500 

3.501- 4,000 
4,001-4,500 

4.501- 5,000 

The following allowances for stranding 
Nominal Size, 

M Cir. Mils 
750-3,000 
3,001-4,000 
4,001-5,000. 


Tolerance, 

In. 

0 030 
0 035 
0 040 
0 045 
. 0 050 

included in the metallic weight: 

Tolerance, 
Per Cent 

3 

4 


91. Compack-stranded Conductors—Segmental 

(General Cable Corp.) 


Size, 
cir. mils 

Number 

of 

st i a nds 

Approx, 
over-all 
diam , in. 

1 

Size, 
cir. mils 

Number 

of 

strands 

Approx, 
over-all 
diam., in. 

1,000,000 

148 

1 152 

2,500,000 

244 

1 825 

1,250,000 

148 

1 288 

3,000,000 

364 

2 000 

1,500,000 

148 

1 412 

3,500,000 

364 

2 159 

1,750,000 

244 

1 526 

4,000,000 

364 

2 308 

2,000,000 

244 

1 631 
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92. Compack-stranded Conductors—Round and Sector 

(General Cable Corp.) 


Sise A.w.g. 
or cir. mils 

Round 

120-degiee sector 

90-degree sector 

Number 
of strands 

Over-all 
diam., in. 

| 

V-gage 
depth, 0 in. 

Number 
of strands 

V-gage 
depth,® in. 

Number 
of strands 

1 

19 

0 299 



I 


1/0 

19 

0 336 

0 288 

19 

0 340 

19 

2/0 

19 

0 376 

0 323 

19 ] 

0.382 

19 

3/0 

19 

0 423 

0 364 

37 



4/0 

19 1 

0 475 

J0 417 (L) 

3n 

0 482 

37 



1 

to 410 ( H) 

37 i 



250.000 

37 

0 520 

JO 455 (L) 


0 525 

37 




to 447 ( H) 

37/ 



300,000 

37 

0 570 

JO 497 (L) 

37 ) 

0 572 

37 




10 490 ( H) 

37/ 



350,000 

37 

0 616 

JO 5.39 (L) 

37 ^ 

0 620 

37 


; 


to 532 ( H) 

37/ 



400,000 

37 

0 659 

JO 572 (L) 

37 






to 566 (//) 

37 



600,000 

37 

0 736 

JO 642 (L) 

on 

0 740 

61 




to 635 (If) 

61/ 






JO 700 (L) 

61 



600,000 

61 

i 0 813 








to 690 (II) 

61 



700,000 

61 

0 877 

JO 754 (L) 

91 






to 742 (H) 

91 



750,000 

61 

0 908 

JO 780 (L) 

91 






to 767 (II) 

91 



800,000 

61 

0 938 

0 795 b 

91 



1,000,000 

61 

1 060 

0 900 6 

91 




The above data are approximate and subject to normal 
manufacturing tolerances. 

L and H indicate V-gage depths of the bare conductor for 
“light" walls (up to and including 13/64 in.) and "heavy" 
walls (14/64 in. and over), respectively. The shape of the 
sector and, therefore, the V-gage depth in the larger sizes depend on whether a light 
or heavy wall of insulation is to be applied. 

a V-gage depth is the distance from the center point of the exterior arc of the bare 
sector to the point where the lines of the sides of the conductor if prolonged would inter¬ 
sect. For rough calculation purposes, V-gage depth in inches can be taken as 90 per 
cent of the square root of the nominal area of the conductor expressed in circular inches. 

6 Representative values; exact values depend on insulation thickness to be used and 
will be furnished on request. 
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93. Hollow-core Stranded Conductors 

(General Cable Corp.) 


Site A.w.g. 
or cir. mils 

Over-all conductor diam., in. 

Size A.w.g. 
or cir. mils 

Over-all conductor diam., in. 

I.d. of spring 
core = 0.500 
in. 

I.d. of spring 
core = 0.690 
in. 

I.d. of spring 
core = 0.500 
in. 

I.d. of spring 
core * 0.690 
in. 

2/0 

0.736 


700,000 

1.151 

1.256 

3/0 

0.768 

0.924 

750,000 

1.180 

1.286 

4/0 

0.807 

0.956 

800,000 

1.212 

1.309 

250,000 

0.837 

0.983 

850,000 

1.242 

1.341 

300,000 

0.880 

1.017 

900,000 

1.261 

1.365 

350,000 

0.917 

1.049 

1,000,000 

1.310 

1.416 

400,000 

0.953 

1.082 

1,250,000 

1.434 

1.524 

450,000 

0.989 

1.112 

1,500,000 

1.547 

1.635 

500,000 

1.028 

1.145 

1,750,000 

1 650 

1.730 

600,000 

1.084 

1.201 

2.000,000 

1.760 

1.833 

650,000 

1.121 

1.228 





The above data are approximate and subject to normal manufacturing tolerances. 
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95. Stranded Bare Copper Conductors 

(Anaconda Wire and Cable Co.) 


Sue | 



j Weight* | 

Hard- 

Medium 

Soft- 

1 

Cir. mils 

A.w g 

Strand¬ 

ing, 

class 0 

Cable 

diam., 

m. 

Per 

1,000 ft., 
lb. 

Per 

mile, lb. 

drawn, 
mm. break¬ 
ing 

strength, 

lb/ 

hard- 
drawn, 
min. break¬ 
ing 

strength, 

lb/ 

drawn, 

max. 

breaking 

strength. 

lb/ 

5,000,000 


B 

2 581 

15,890 

83,910 

[219,500 

173,200 

145,300 

5,000,000 


A 

2 580 

15,890 

83,910 

216,300 

171,800 

145,300 

4,500,000 


B 

2 448 

14,300 

75,520 

200,400 

156,900 

130,800 

4,500,000 

1 A 

2 448 

14,300 

75,520 

197,200 

154,600 

130,800 

4,000,000 

B 

2 309 

12,590 

66,490 

178,100 

139,500 

116,200 

4,000,000 


A 

2 307 

12,590 

66,490 

175,600 

138,500 

116,200 

3,500,000 


! B 

2 159 

11,020 

58,180 

155,900 

122,000 

101,700 

3,500,000 


A 

2 158 

11,020 

58,180 

153,400 

120,200 

101,700 

3,000,000 


B 

1 998 

9,353 

49,390 

134,400 

104,600 

87,180 

3,000,000 


A 

1 998 

9,353 

49,390 

131,700 

103,900 

87,180 

2,500,000 


B 

1 824 

7,794 

41,150 

111,300 

87,170 

72,650 

2,500,000 


A 

l 823 

7,794 

41,150 

109,600 

85,880 

72,650 

2,000,000 


B 

1 632 

6,175 

32,600 

90,050 

70,210 

58,120 

2,000,000 


A 

1 630 

6,175 

32,600 

87,790 

69,270 

58,120 

1,750,000 


B 

1 526 

5,403 

28,530 

78,800 

61,430 

50,850 

1,750,000 


A 

1 526 

5,403 

28,530 

77,930 

61.020 

50,850 

1,500,000 


B 

1 412 

4,631 

24,450 

67,540 

52,650 

43,590 

1,600,000 


A 

1 411 

4 631 

24,450 

65,840 

51,950 

43,590 

1,250,000 


B 

1 289 

3,859 

20,380 

56,280 

43,880 

36,320 

1,250,000 


A 

1 288 

3,859 

20,380 

55,670 

43,590 

36,320 

1,000,000 


B, A 

1 152 

3,088 

16,300 

45,030 

35,100 

29,060 

1 , 000,000 ; 


AA 

1 151 

3,088 

16,300 

43,830 

34,350 

29,060 

900,000 


B, A 

1 094 

2,779 

14,670 

40,520 

31,590 

26,150 

900,000 


AA 

1 092 

2,779 

14,670 

39,510 

31,170 

26,150 

800,000 


B, A 

1 031 

2,470 

13,040 

36,360 

28,270 

23,250 

800,000 ; 


AA 

1 029 

2,470 

13,040 

35,120 

27,710 

23,250 

750,000 

B, A 

0 998 

2,316 

12,230 

34,090 

26,510 

21,790 

750,000 

AA 

0 997 

2,316 

12,230 

33,400 

26,150 

21,790 

700,000 

' B, A 

0 964 

2,161 

11,410 

31,820 

24,740 

20,340 

700,000 

, AA 

0 963 

2,161 

11,410 

31,170 

24,410 

20,340 

600,000 

1 B 

0 893 

1,853 

9,781 

27,530 

21,350 

18,140 

600,000 

A, AA 

0 891 

1,853 

9,781 

27,020 

21,060 

17,440 

500,000 


b,a 

0 813 

1,544 

8,151 

22,510 

17,550 

14,530 

500,000 

i 

AA 

0 811 

1,544 

8,151 

21,950 

17,320 

14,530 

450,000 

1 

B, A 

0 772 

1,389 

7,336 

20,450 

15,900 

13,080 

450,000 


AA 

0 770 

1,389 

7,336 

19,750 

15,590 

13,080 

400,000 


B 

0 728 

1,235 

6,521 

18,320 

14,140 

11,620 

400,000 


A, AA 

0 726 

1,235 

6,521 

17,560 

13,850 

11,620 

350,000 


B 

0 681 

1,081 

5,706 

16,060 

12,450 

10,580 

350,000 


A 

0 679 

1,081 

5,706 

15,590 

12,200 

10,170 

350,000 


AA 

0 710 

1,081 

5,706 

15,140 

12,020 

10,170 

300,000 


B 

0 630 

926 3 

4,891 

13,870 

10,740 

9,071 

300,000 


A 

0 629 

926 3 

4,891 

13,510 

10,530 

8,718 

300,000 


AA 

0 657 

926 3 

4,891 

13,170 

10,300 

8,718 

250,000 


B 

0 576 

771 9 

4,076 

11,560 

8,952 

7,569 



Div. 2] PROPERTIES AND SPLICING OF CONDUCTORS 159 


Stranded Bore Copper Conductors ( Continued ) 


Sise 

Strand¬ 

ing, 

class 0 

Cable 

diam., 

in. 

| Weight* 

Hard- 
drawn, 
min. break¬ 
ing 

strength, 

lb/ 

Medium 
hard- 
drawn, 
min. break¬ 
ing 

strength, 

lb/ 

Soft- 

drawn, 

max. 

breaking 

strength, 

lb/ 

Cir. mils 

A.w.g. 

Per 

1,000 ft., 
lb. 

Per 

mile, lb. : 

250,000 

• 

A 

0 574 

771 9 

4,076 

11,360 

8,836 

7,265 

250,000 


AA 

0 600 

771 9 

4,076 

11,130 

8,717 

7,265 

211,600 

4/0 

B 

0 528 

653 3 

3,450 

9,617 i 

7,479 

6,149 

211,600 

4/0 

A, AA 

0 552 

653 3 

3,450 

9,483 

7,378 

6,149 

211,600 

4/0 

A, AA* 

0 522 

653 3 

3,450 

9,154 

7,269 

6,149 

167,800 | 

3/0 

B 

0 470 

518 1 

2,736 

7,698 

5,970 

5,074 

167,800 

3/0 

A, AA 

0 492 

518 1 1 

2,736 

7,556 

5,890 

4,876 

167,800 

3/0 i 

A, AA* 

0 464 

518 1 

2,736 

7,366 

5,812 

4,876 

133,100 

2/0 

B 

0 419 

410 9 

2,170 

6,153 

4,766 

4,025 

133,100 

2/0 


0 437 

410 9 

2,170 

6,049 

4,704 

3,868 

133,100 

2/0 

A, AA 

0 414 

410 9 

2,170 

5,927 

4,641 

3,868 

105,500 

1/0 

B 

0 373 

325 7 

1,720 

4,899 

3,803 

3,190 

105,500 

1/0 


0 390 

325 7 

1,720 

4,840 

3,753 

3,190 

105,500 

1/0 

A, AA 

0 368 

325 7 

1,720 

4,750 

3,703 

3,066 

83,690 

1 

B 

0 332 

258 4 

1,364 

3,898 

3,037 | 

2,531 

83,690 

1 

A 

0 328 

258 4 

1,364 

3,804 

2,958 

2,432 

83,690 

1 

AA 

| 0 360 

255 9 

1,351 

3,620 

2,875 

2,432 

66,370 

2 

B, A 

0 292 

204 9 

1,082 

3,045 

2.361 

2,007 

66,370 

2 

AA 

0 320 

202 9 

1,071 

2,913 

2,299 

1,929 

52,630 

3 

B, A 

0 260 

j 

162 5 

858 0 

2,433 

1,885 

1,591 

62,630 

3 

AA 

0 285 

160 9 

849 6 

2,359 

1,835 

1,529 

41,740 

4 

| b,a 

0 232 

128 9 

680 5 

1,938 

1,505 

1,262 

41,740 

4 

AA 

0 254 

127 6 

673 8 

1,879 

1,465 

1,213 

33,100 

5 

B 

0 206 

102 2 

539 6 

i 1.542 

1,201 

1,001 

26,250 

6 

B 

0 184 

81 05 

427 9 

1,228 

958 6 

793.7 

20,820 

7 

B 

0 164 

64 28 

339 4 

977 2 

765 3 

629 6 

16,510 

8 

B 

0 146 

50 98 

269 1 

777 2 

610 7 

499 2 

13,090 

9 

B 

0 130 

40 42 

213 4 

618 1 

487 3 

395 8 

10,380 

10 

B 

0 116 

32 05 

169 2 

491 6 

388 9 

1 313 9 

6,530 

12 

B 

0 0915 

20 16 

106 5 

311 1 

247 7 

197 5 

i 

4,107 

14 

B 

0 0726 

12 68 

66 95 

197 1 

157 7 

124 2 

2,583 

16 

B 

0 0576 

7 975 

42 11 

124 7 

100 4 

I 81 15 

1,624 

18 

B 

0 0456 

5 014 

26 47 

78 98 

63 89 

51 02 

1,022 

20 

B 

0 0363 

3 155 

16 66 

50 06 

40 69 

32 11 


« Class of Btranding in accordance with A.S.T.M. Specification B 8-35T. 
b Weight increased 2 per cent to allow tor cabling, except as follows: 


Cir. Mils Per Cent 

5,000,000 and 4,600,000 5 

4,000,000 and 3,500,000 4 

3,000,000 and 2,500,000 3 


0 The breaking strengths arc based on A.S.T.M. specification requirements, using minimum values for 
hard- and medium hard-drawn cable, and maximum values for soft cable. 
d Optional construction, see Table 84. , 




160 


AMERICAN ELECTRICIANS HANDBOOK [Div. 2 


96. Hard-drawn Copper Trolley Wire 

(General Cable Cerp.) 



Nominal 


Area 

Weight 

Tensile 
strength, 
lb. per 
sq.in. 

Break¬ 

ing 

strength, 

lb. 

Resist¬ 

ance, 

Shape of con¬ 
ductor 

conduc¬ 
tor, size, 
C.M. or 
A.w.g. 

Over-all diam., 
in.° 

Cir. 

mils 

Sq.in. 

Per 

1,000 

ft., 

net 

lb. 

Per 

mile, 

net 

lb. 

ohms 

per 

1,000 

ft., 

68°F. 

Round 

300,000 

0.548 

300,000 

0.2356 

908.1 

4,795 

46,400' 

10,930 

0 03558 


4/0 

0.460 

211,600 

0.1662 

640.5 

3,382 

49,000 

8,143 

0.05044 


3/0 

0 410 

168,100 

0.1320 

508.8 

2,687 

51,000 

6,732 

0 06350 


2/0 

0.365 

133,200 

0.1046 

403.2 

2,129 

52.800 

5,523 

0 08014 


I/O 

0.325 

105,600 

0.08294 

319.7 

1,688 

54,500 

4,520 

0 1011 

Grooved 

350,000 

0.620 

351,200 

0 2758 

1063.0 

5,612 

42,800 

11,800 

0 03039 


300,000 

0.574 

299,800 

0.2355 

907.6 

4,792 

44,200 

10,410 

0 03560 


4/0 

0.482 

212,000 

0 1665 

641.9 

3,389 

46,600 

7,759 

0 05035 


3/0 

0.430 

167,300 

0.1314 

506.4 

2,674 

48,500 

6,373 

0 06380 


2/0 

0.392 

137,900 

0.1083 

417.6 

2,205 

50,200 

5,437 

0 07740 


I/O 6 

0.360 

105,600 

0.08294 

319.7 

1,688 

51,800 

4,296 

0.1011 

Figure Eight 6 

350,000 

0.722 X 0.570 

350,000 

0.2749 

1059.0 

5,594 

42,800 

11,800 

0 03050 


4/0 

0.600 X 0.450 

211,600 

0.1662 

640 5 

3,382 

46,600 

7,745 

0 05044 


3/0 

0 540 X 0 400 

168,100 

0.1320 

508 8 

2,687 

48,500 

6,400 

0 06350 


2/0 

0.480 X0 352 

133,200 

0.1046 

403.2 

2,129 

50,200 

5,250 

0 08014 


1/0 

0.420 X 0.312 

105,600 

0.08294 

319.7 

1,688 

51,8(H) 

4,300 

0.1011 

Figure Nine, 
Deep Section 6 

400,000 

0.750 X 0.5625 

391,500 

0.3075 

i 

1185 0 

6,257 

40,500 

12,450 

0.02726 


The above data are approximate and subject to normal manufacturing tolerances. 

° For Figs. 8 and 9 wire, dimensions given are nominal height of entire section and width of lower lobe. 
No. 6/0 A.w.g. (336,200 cir. mils) grooved or Fig. 8 will regularly be furnished in 350,000 cir. mils. 

6 Not at present included in A.S.T.M. Specification B 47. 


97. Copper Tubing—Standard Iron Pipe Size 


Size, in. 

Approx. 

o.d. 

O.d. 

I.d. 

Wall 

tbieknoHh 

Weight, 
lb. per ft.. 

Area, 
cir. mils 

Area, 
sq. in. 

1 8 

***2 

0.405 

0.281 

0 002 

0.259 

85,004 

0.006 

u 

SS 64 

0.540 

0.375 

0.082 

0.459 

150,000 

0.117 

?H 

11 16 

0.075 

0.484 

0.095 

0.044 

221,309 

0.173 

} l 

2 ?32 

0.840 

0.025 

0.107 

0.958 

314,975 

0.246 

*4 

Hi 6 

1.050 

0.822 

0.114 

1.298 

420,810 

0.335 

1 

l H « 

1.315 

1.002 

0.120 

1.829 

001,381 

0.470 

Hi 

i 4 H* 

1.660 

1.308 

0.146 

2.089 

884,170 

0.694 

Ui 

1**M 

1.900 

1.000 

0.150 

3.193 

1,050,000 

0.824 

2 

2*8' 

2.375 

2.002 

0.156 

4.224 

1,388,781 

1.087 


2% 

2.875 

2.500 

0.187 

6.130 

2,015,625 

1.579 

3 

3M 

3.500 

3.062 

0.219 

8.741 

2,874,150 

2.257 


4 

4.000 

3.500 

0.250 

11.41 

3,750,000 

2.945 

4 

»2 

4.500 

4.000 

0.250 

12.93 

4,250,000 

3.337 
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98. Copper Tubing—Extra-heavy Iron Pipe Size 


Size, in. 

Approx. 

o.d. 

O.d. 

I.d. 

Wall 

thickness 

Weight, 
lb. per ft. 


Area, 
sq. in. 


1 ?3 2 

0.405 

0.205 

0.100 

0.371 

122,000 

0.095 

*4 

85 ^4 


0.294 

0.123 

0.624 

205,164 

0.161 


1 1 1 6 

0.075 

0.421 

0.127 

0.847 

278.384 

, 0.218 

»* 

% 


0.542 

0.149 

1.253 

411,836 

0.323 

S 4 

l’l* 

1.050 

0.730 

0.157 

1.700 

560,804 

0.440 

1 

lMe 

1.315 

0.951 

0.182 

2.509 

824,849 

0.647 

1*4 

1 4 «4 

1.660 

1.272 

0.194 

3.460 

1,137,616 

0.893 

m 

1*>m 

1.900 

1.494 

0.203 

4.191 

1,377,858 

1.082 

2 

2% 

2.375 

1.933 

0.221 

5.791 

1,904,140 

1.495 

2 \i 

2Vh 

2.875 

2.315 

0.280 

8.839 

2,906,500 

i 

2.282 

3 

3H 

3.500 

2.892 

0.304 

11.82 

3,886,320 

3.052 

3^' \ 

4 

4.000 

3.358 

0.321 

14.37 

4,723.820 

3.710 

4 

4W 

4.500 

3.818 

0.341 

17.25 

5,672,800 

4.455 


99. Copper Tubing-Double Extra-heavy Iron Pipe Size 


Size, in. 

Approx. 

o.d. 

O.d 

I.d. 

Wall 

thickness 

Weight, 
lb. per ft. 

Area, 
eir. mils 

Area, 
sq. in. 

1 * 

2 J-;i2 

0.840 

0.252 

0.294 

1.945 

642,096 

0.504 

H 

1/16 

1.050 

0.434 

0.308 

2.768 

914,144 

0.718 

l 

1Mb 

1.315 

0.599 

0.358 

4.152 

1,370,449 

1.076 

n* 

l 4 / 3 tU 

1.060 

0.896) 

0.382 

5.916 

1,952,784 

1.534 

i 

1 2 ?*2 

1.900 

1.100 

0.400 

7.271 

2,410,000 

1.885 

o 

2 H 

2.375 

1.503 

0.436 

10.246 

3,381,620 

2.656 

21* 

2H 

2.875 

1.771 

0.552 

15.541 

5,130,300 

4.028 

3 

3>z 

3.500 

2.300 

0.600 

21.087 

6,960.000 

5.466 

3 l *i 

4 

4.000 

2.728 

0.636 

25.930 

8,568,000 

6.721 

4 

4W 

4.500 

3 152 

0.674 

i 

31.253 

10,314,080 

8.101 
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100. Flat Bus-bar Copper 


Sue, in. 

Weight, lb. per ft. 

Area, cir. mile 

Area, sq. in. 


/ ^ 

0.12 

39.470 

0.031 

1 

( S 4 

0.18 

59,842 

0.047 


; J'h 

0.21 

68.755 

0.055 

< 

vl 

0.24 

80,213 

0.063 



0.30 

99,312 

0.078 


In 2 

0.36 

119,684 

0.094 

/ U 

0.36 

119,684 

0.094 


r 

0.48 

159,154 

0.125 


1>4 

0.60 

198.624 

0.156 


llW 

0.72 

239,368 

0. 188 

2 

0.96 

318,308 

0.250 

H X 5 

v2* 2 

1.20 

398,523 

0.313 


3 

1.44 

477,463 

0.375 

1 

r 3l 2 ' 

1.68 

557.677 

0.438 


4 

1.92 

636,618 

0.500 

\ 


2.40 

795,772 

0.625 


(1 

0.72 

239,368 

0.188 


Vi 

0.90 

298,402 

0.234 


1*2 

1.085 

358.098 

0.281 


1 3 4 

1.266 

417,780 

0.328 


2 

1.44 

477,993 

0.375 


2H 

1.62 

537,140 

0.422 

he X < 

\2 , 4 

1.81 

596,829 

0.469 


\2h 

1.99 

656,512 

0.516 


f 3 

2.17 

716,190 

0.563 


4 

2.88 

954.928 

0.750 


5 

3.62 

1 , 193,659 

0.938 


i6 

4.34 

1,432,390 

1.125 


fl 

0.96 

318.308 

0.250 


VA 

1.44 

477,463 

0.375 


2 

1.93 

636,618 

0.500 


2H 

2.41 

795,772 

0.625 


3 

2.89 

954,928 

0.750 

H X i 

3} 2 

3.38 

1,114,082 

0.875 

< 

k4 

3.86 

1,273,236 

1.00 


4l£ 

4.34 

1,313,024 

1.13 


5 

4.82 

1,591 , 545 

1 . 25 


'g 

5.78 

1,909,857 

1 . 50 


7 

6.76 

2,228,164 

1 75 

\S 

7.72 

2,546,473 

2.00 


, 1 H 

2.17 

716,196 

0.563 

1 

2 

2.89 

954 , 928 

0.750 

1 

2'A 

3.61 

1,193,659 

0 938 

1 

i 3 

4.34 

1,432,390 

1 . 13 


1 3 1 2 

5 . 06 

1,671,123 

1.31 

3 « x < 

4 

5 . 79 

1,909,854 

1.50 


(4l 2 

6.51 

2,148,580 

1 . 69 

i 

.3 

7.23 

2,387,318 

1.88 

I 

6 

8.68 

2,864,781 

2.25 

l 

8 

11.57 

3,819,708 

1 3.00 


10 

14.47 

5,774,636 

3.75 


,3 

5.79 

1,909,857 

1.50 

1 

3K 

6.75 

2,228,164 

1.75 

1 

4 

7.72 

2,546,472 

2.00 

1 

AM 

8.68 

2,864,780 

2.25 


5 

9.64 

3,183,090 

2.50 

H x l 

5H 

10.61 

3,501,398 

2.75 


I 6 

11.58 

3,819,708 

3.00 

1 

7 

12.50 

4,456,328 

3.50 

1 

8 

15.43 

5,092,944 

4.00 

\ 

9 

17.36 

5,729,560 

4.50 


10 

19.29 

6,366,180 

5.00 
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101. Round Copper Rod 


Diameter | 

! 



In. 

Decimal 

equivalent 

Approx, weight, 
lb. per ft. 

Cir. mils, 
approx. 

Cross Recti on, 
sq. in. approx. 

H 

0.125 

0.047 

15.600 

0 01227 

M2 

0.1562 

0.077 

24,400 

0.01917 

Me 

0.1875 

0.106 

35,000 

0.02761 

H 

0.250 

0.189 

62,500 

0.04909 

Me 

0.3125 

0.296 

97,800 

0 07670 

% 

0.375 

0.426 

140,000 

0 11045 

Ke 

0.4375 

0.580 

191,800 

0.15033 


0.500 

0.757 

250,000 

0.19635 

Me 

0.5625 

0.959 

316,000 

0.24850 

% 

0.625 

1.184 

390,000 

0.30680 

H 

0.750 

1.70 

562,500 

0 44179 

Vh 

0.875 

2.32 

765,000 

0 60132 

'Me 

0.9375 

2 68 

880,000 

0.69029 

1 

1.000 

3.03 

1,000,000 

0.78540 

m 

1.125 

3.83 

1,270,000 

0.99402 

u 4 

1.250 

4.73 

1,560,000 

1 2272 

1M* 

1.375 

5.73 

1,900,000 

1.4849 

1H 

1.500 

6.82 ! 

2,250,000 

1 7671 

1 8 » 

1.625 

8.04 l 

2,650,000 

1 2 0739 

l 1 ' I 6 

1.6875 

8.68 

2,850,000 

2.2365 

1M 

1.750 

9.28 

3,070,000 

2.4053 

lJ'S 

1.875 

10.72 

3,500,000 

2.7612 

2 

2 000 

12.12 

4.000,000 

3.1416 

2>2 

2.500 

19 05 

6,250,000 

4.9087 

3 

3.000 

27.44 

9,000,000 

7.0686 

S'a 

3 500 

37 23 

12,250,000 

9.6211 


102. All-steel Conductors 

(American Stool and Wire Go.) 



Size and diameter 

Area 

Approx, weight 










Breaking 

strength, 

lb. 

Type 

Size, 

B.w.g. 

Number 
and diam¬ 
eter of 
wires 

i 

Dium. of 
conduc¬ 
tor, in. 

Oil. 

mills 

Sq. 

in. 

Lb. per 
1,000 ft. 

Lb. per 
mile 

S 

4 

1 

0.238 

56,644 

0.0445 

153 

808 

5,560 

s 

6 

1 

0.203 

41,209 

0.0324 

112 

591 

4,270 

s 

8 

1 

0.165 

27,225 

0.0214 

74 

391 

2,820 

8-3 

4 

3/0.138 

0.297 

57,132 

0.0448 

156 

823 

5,560 

8-3 

6 

3/0.117 

0.252 

41,067 

0.0322 

112 

591 

4,270 

8-3 

8 

3/0.096 

0.207 

27,648 

0.0217 

75 

396 

2,820 


Modulus: Type 8, 29,000,000; Type 8-3, 25,000,000. 
Coefficient of expansion: 0.0000066. 
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103. Iron or Steel Telephone and Telegraph Wire 

(American Steel and Wire Co.) 


Size, 

B.w.g. 

Diam., 

in. 

Approx, weight, 
lb. 

Approx, breaking 
strength, lb. 

Resistance per mile 
(International Ohms) 
at 68°F. 



Per 

1,000 ft. 

1 

Per 
mile | 

E. B. B. 

B. B. 

Steel 

E. B. B. 

B. B. 

Steel 

4 

0.238 

153 

811 

2,028 

2,271 

2,433 

5.98 

7.15 

8 32 

0 

0.203 

112 

590 

1,475 

1,652 

1,770 

8.22 

9.83 

11.44 

8 

0.165 

74 

390 

975 

1,092 

1,170 

12.43 

14.87 

17.31 

9 

0.148 

60 

314 

785 

879 

942 

15.44 

18.47 

21.50 

10 

0.134 

49 

258 

645 

722 

774 

18.79 

22.48 

26.16 

11 

0.120 

39 

206 

515 

577 

618 

23.54 

28.16 

32.77 

12 

0.109 

32 

170 

425 

476 

510 

28.52 

34.12 

39.71 

14 

0.083 

19 

99 

247 

277 

297 

48.98 

58.59 

68.18 


104. General Characteristics of Copperweld Wire 





Weight 
per cir. mil 
per 1,000 
ft., lb. 

Tensile 

Nor mul 


Conduc- 


strength 

resistivity 

Grade 

tivity, 
per cent 

Density 

per sq. in., 
0.162-in. 

per cir. mil- 
ft., at 


! 


wire, lb. 

68 °F., ohms 

Extra high strength 

30 

8.15 

0.002775 

157,000 

34.57 

High strength... I 

30 1 

8.15 

0.002775 

130,000 

34.57 

High strength... 

i 

40 

8.15 

0.002775 

118,000 

25 928 


Modulus of elasticity (conventional): 

Solid wire. . 24,000,000 lb. pei sq. in. 

Stranded cable . 23,000,000 1b. pei sq. in. 

Coefficient of linear expansion per degree Fahrenheit: 0.0000072. 

Thirty per cent conductivity is not recommended in sizes finer than No. 10 A.w.g. 
Finer sizes are supplied in 40 per cent conductivity only. 







105. Solid Copperweld Conductors 


Div. 2] PROPERTIES AND SPLICING OF CONDUCTORS 165 



40 c c high 
strength, 
lb. 

13,290 

10,560 

8,370 

6,800 

5,900 

5.070 

4,240 

3,530 

2,940 

2,430 

2,000 

1,650 

1,360 

1.130 

900 

710 

a 

a. 

bt 

C 

g 

b£ J 

-S W • 
u c -o 

C 4 — 

O £ 

CO * 

14,960 

11,880 

9,410 

7,800 

6,690 

5.700 

4.740 

3.920 

3.250 

2.680 

2.200 

1.800 

1.480 

1.230 

£ 

30', extra 
high 

strength, 

lh. 

1 

l 

6,430 

5,490 

4,660 

3,910 

3,240 

2,670 

2,190 

"c* 

C 

2 

© 

40 r r high 
strength, 
lb. per 
sq in. 

80 000 
80 000 
80 000 
82,000 
90,000 

97,000 

103,000 

108,000 

113.000 

118,000 

123.000 

128,000 

133.000 

138.000 

138,000 

138,000 

_ 

c 

X 

ao 

e 

4- 

30 high 
strength, 
lb. per 
sq. in. 

90.000 

90.000 

90,000 

94,000 

102,000 

109 000 
115.000 
120,000 
125,000 
130,000 

135.000 

140,000 

145,000 

150,000 

— 

V 

a 

0> 

H 

30^ extra 
high 

strength, 
lb. per 
<*q. m. 


123,000 

133.500 

142.500 

150 . 500 
157.000 

164,000 

170,000 

J= 

W> 

Per nnle, 
lb. 

3.100 

2,460 

1.954 

1 , 547 

1 225 

977 

771 

612 

485 

384 

304 

240 

191 

153 

121 

96 

£ 

£ 

Per 1,000 
ft , lb. 

1* C O CO M 

00 CO N © CO 

•O -f CO CN <N 

185 

146 

116 

91.9 

72.8 

57.5 

45.5 
36. 1 
28.9 
23.0 
18.2 

el 

0) 

y 

X 

0 1662 
0.1320 
0.1046 

0 08296 

0 06560 

0.05228 

0 04119 

0 03269 

0 02602 
0.02061 

0 01629 

0 01287 
0.01021 
0.00817 
0.00650 

0 00515 


Cir. mils 

211.600 

168.100 

133.225 

105.625 

83,520 

66,565 

52.440 

41,615 

33,125 

26,245 

20,735 

16,385 

12,995 

10,404 

8,281 

6,561 

Diam., 

in. 

0 460 

0.410 

0.365 

0 325 
0.289 

0.258 

0.229 

0.204 

0.182 

0.162 

0.144 

0.128 

0.114 

0.102 

0.091 

0.081 

Size, 

A.w.g. 

O O © O "H 
WN S. 

Sf CO N 

N « ^ « 

n oo a o h ei 











106. Application Guide for Copperweld Products 

Companies and uses 
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signal lines and grounding; by broadcasting stations and individuals for radio antennas, leadin, grounding, etc.; in the home for clothes lines, 
and nails for slate, tile, and composition roofs. 
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107. Stranded Copperweld Conductors 




Area 

Weight 

Breaking strength 

Nominal diam. in., 
number of strands, 
and size A w.g. 

Diam., 

in. 

Cir. 

mils 

Sq. in. 

Per 1000 
ft., lb. 

Per mile, 
lb. 

30% 

extra 

high 

strength, 

lb. 

30% 

high 

strength, 

lb. 

40% 

high 

strength, 

lb. 

7* (ID No. 5) 

0 910 

629,375 

0 4944 

1,770 

9,346 

66,860 

55,570 

50,270 

‘•Ho (19 No. 6) 

0 810 

498,655 

0 3916 

1,403 

7,408 

55,400 

45,880 

41,550 

2 (19 No. 7) 

| 0 720 

393,695 

0 3095 

1,108 

5.850 

45,660 

37,620 

34,200 

2^, (19 No. 8) 

0 640 

311,315 

0 2445 

877 

4,630 

37,450 

30,780 

28,210 

9io (19 No. 9) 

0 570 

246,905 

0 1940 

696 

i 

3,675 

30,610 

25,300 

23,250 

( 7 No. 4) 

^ 0 612 

291,305 

0 2288 

820 

4,330 

29,360 

24,700 * 

22,240 

6 ( 7 No. 5) 

0 546 

231,875 

0 1821 

b50 

3,432 

24,630 

20,480 

18,500 

h ( 7 No. 6) 

0 486 

183,715 

0 1443 

515 

2,720 

20,410 

16,880 

15,300 

7 u, ( 7 No. 7) 

0 432 

145,145 

0 1140 

407 

2,149 

16,820 

13,860 

12,600 

( 7 No. 8) 

0 384 

114,695 

0 0901 

322 

1,700 

13,800 

11,340 

10,390 

"iu ( 7 No. 9) 

0 342 

90,965 

0 0715 

255 

1,346 

11,280 

9,320 

8,570 

•m o ( 7 No. 10) 

0 306 

72,828 

0 0572 

204 

1,077 

9,200 

7,750 

7,120 

3 No. 6 

0 349 

78,735 

0 0618 

220 

1,162 

8,260 

6,830 

6,200 

3 No. 7 

0 310 

62,205 

0 0489 

174 

919 

6,800 

5,610 

5,100 

3 No. 8 

0 276 

49,155 

0 0386 

138 

729 

5,580 

4,590 

4,210 

3 No. 9 

0 246 

38,985 

0 0306 

109 

576 

4,560 

3,770 

3,470 

3 No. 10 

0 220 

31,212 

0 0245 

87 

460 

3,720 

3,140 

2,880 

3 No. 11 

0 196 

24,843 

0 0195 

69 b 

367 



2,480 

3 No. 12 

0 175 

19,683 

0 01545 

55 0 

290 



2,040 


To determine copper equivalent of copperweld conductor, multiply circular-mil area by percentage con¬ 
ductivity expressed as a decimal. 
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108. Composite Copper-copperweld Bare Conductors 

(General Cable Corp.) 


Equiva¬ 
lent 
hard- 
drawn 
copper, 
size, 
(\M. or 
A.w.g. 

T r 

con¬ 

ductor 

Number and diam. 
of strands 

Area 

Over¬ 

all 

diam., 

mils 

Cable weight 

l 

Break- 

ing 

strength, 

lb. 

Resist¬ 

ance, 

ohms 

per 

1,000ft., 

68°F. 

Hard- 

drawn 

copper 

Coppr¬ 

weld, 

30% 

extra 

high 

strength 

Cir. 

mils 

Sq. 

in. 

Per 

1,000 ft., 
lb. 

Per 

mile, 

lb. 

586,800 

E 

12/0 2043 

7/0.2043 

790,800 

0.6211 

1 020 

2,358 

12,450 

50,530 

0.0180 

467,100 

E 

12/0 1819 

7/0.1819 

629,500 

0.4944 

0.910 

1,874 

9,895 

41,800 

0.0227 

370,100 

E 

12/0 1620 

7/0.1620 

498,600 

0 3916 

0.810 

1,486 

7.846 

34,240 

0 0286 

292,400 

E 

12/0 1443 

7/0.1443 

394,100 

0.3095 

0.720 

1,173 

6,193 

27,940 

0.0362 

231,000 

E 

12/0.1285 

7/0.1285 

311,300 

0.2445 

0.640 

927 

4,894 

22,650 

0.0458 

4/0 

E 

12/0 1229 

7/0.1229 

284,900 

0.2238 

0.615 

848 

4,476 

20,720 

0.0496 

4/0 

F 

6/0.1833 

1/0.1883 

235,100 

0.1847 

0.550 

712 

3,760 

12,290 

0 0512 

4/0 

Special 

7/0 1697 

3/0,1050 

234,700 

0.1843 

0 566 

716 

3,781 

12,810 

0 05123 

250,000 

Special 

7/0 1845 

3/0.1142 

277,400 

0.2179 

0.615 

846 

4,469 

15,000 

0 04335 

183,200 

E 

12/0 1144 

7/0.1144 

247,000 

0.1940 

0.570 

736 

3,886 

18,400 

0.0578 

3/0 

E 

12/0.1091 

7/0.1091 

226,100 

0.1776 

0 545 

672 

3,748 

16,800 

0 0646 

3/0 

F 

6/0.1631 

1/0.1631 

186,400 

0.1463 

0 489 

563 

2,973 

9,970 

0.0032 

146,700 

E 

12/0 1019 

7/0.1019 

197,600 

0.1552 

0 510 

589 

3,110 

14,920 

0 0721 

2/0 

F 

6/0 1454 

1/0.1454 

147,900 

0 1161 

0 436 | 

447 

2,359 

8,090 

0.0814 

1/0 

F 

6/0.1294 

1/0.1294 

117,200 

0.09200 

0.388 j 

354 

1,870 

6,536 

0.103 

1 

F 

6/0 1152 

1/0.1152 

92,990 

0.07294 

0.346 

280 

1,481 

5,260 

0.129 

2 

F 

6/0 1026 

1/0 1026 

73,740 

0.05789 

0 308 

223 

1,175 

4,230 

0.163 

2 

A 

2/0 1699 

1/0 1699 

86,570 

0.06799 

0.366 1 

256.8 

1,356 

5,876 

0.160 

3 

A 

2/0 1513 

1/0.1513 

68,660 

0.05392 

0.326 

203.6 

1,075 

4,810 

0.203 

4 

A 

2/0 1347 

1/0 1347 

54,440 

0.04276 

0.290 

161.5 

852.8 

3,938 

0.256 

5 

A 

2/0 1200 

1/0.1200 

43,170 

0 03391 

0.258 

128.1 

676.3 

3,193 

0 322 

6 

A 

2/0 1068 

1/0 1068 

34,240 

0.02689 

0.230 

101.6 

536.3 

2,585 

0 406 

7 

A 

2/0.0895 

1/0.1266 

32,200 

0.02516 

0.223 

93.66 

494.6 

2,754 

0.511 

8 

A 

2/0 0797 

1/0.1127 

25,500 

0.01995 

0.199 

74.27 

392.2 

2,233 

0.646 


Type conductor 

Number of strands 

Moduli (conventional) 
lb. per sq. in. 

Coefficients of linear 
expansion, per °F. 

E 

19 

19,000,000 

0 0000084 

F 

7 

17,100,000 

0.0000089 

2A-6A 

3 

19,000,000 

0.0000085 

7A-8A 

3 

20,500,000 

0.0000081 

Special 

10 

16,500,000 

0.0000090 


The above data arc approximate and subject to normal manufacturing tolerances. 

Type E (19-strand cables) consists of 7-strand concentric-stranded core of copperweld and outer layer of 
12 copper strands. 

Type F (7-strand cables) consists of inner strand copperweld and outer layer of six copper strands. 

Type A (3-strand cables) consists of three wires cabled together, two of hard-drawn copper and one of 
extra high strength copprweld. 

Special (10-strand cables) consists of three copperweld wires cabled together as a core covered by seven 
copper wires. 
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100. Copper-steel Conductors 

(American Steel and Wire Co.) 


Size, 

S.C.P. 

Equivalent to 
hard-drawn 

coppei 

i 

Approx, 
diam., in. 

Modulus 

of 

elasticity 

Min. 

breaking 

Approx, 
weight, lb 

Total cross- 
sectional 

area 

or 

S.C.G. 

1 

Size, 

A.w.g. 

Cii. 

mils 

Strand 

Each 

wire 

strength, 
lb. 

Per 

1,000 

ft. 

Per 

mile 

Cir. 

mils 

Sq. 

m. 

2 

2 

66,370 

0 392 

0 182 

19,800,000 

6,378 

291 

1,536 

99,372 

0 0781 

4 

4 

41,740 

0.310 

0.144 

19,800,000 

4,486 

182 

961 

62,208 

0 0489 

G 

6 

26,250 

0.248 

0 115 

19,800,000 

3,060 

116 

613 

39,675 

0 0312 

8 

8 

16,510 

0 196 

0 091 

20,500,000 

2,112 

73 

385 

24,843 

0 0195 

10° 

10 

10,380 

0 220 

0 1019 

21,700,000 

3,853 

88 

464 

31,140 

0 0244 

12° 

12 

6,530 

0 172 

0 0808 

21,700,000 

2,426 

55 

290 

19,590 

0 0154 


Coefficient of linear expansion * 

Sizes 2 to 8—0.0000082 per °F.; sizes 10 to 12—0.0000075 per °F. 
* Made up of one copper and two steel. 


110. Comparative Characteristics of Aluminum and Copper Wire 


Characteristic 

Commeicial 

hard-drawn 

aluminum 

wire 

Commercial 

hard-drawn 

copper 

wire 

Standard 

annealed 

coppei 

wire 

Conductivity 

60 97 % of 

97% of 

100 % of 


I.A.C.S. 

I.A.C.S. 

I.A.C.S 

Resistance per circular mil-foot 

1 17 010 ohms 

10 692 ohms 

10 371 ohms 

Temperature coefficient of lesistance 

0 403 % pei 

0 393% pei 

0 393 % pet 

: 

| , r 

1 

°c. 

°C. 






Div. 2] PROPERTIES AND SPLICING OF CONDUCTORS 171 


111. All-aluminum Bare Wire 

(Aluminum (to. of America) 


Aluminum 

Copper 
equiva¬ 
lent, 
cir. mils 
or A.w.g. 

Strand¬ 

ing 

Ulti- | 
mate 
strength, 
lb, | 

Diam., 

in. 

Weight, lb. 

B. & S. 
page No. 

Arei 

Cir. mils 

i 

8q. in. 

Per 

1,000 

ft. 

Per 

mile 


1.590.000 

1.249 

1,000,000 

61/0.1615 

30,000 

1.454 

1,492 

7,878 


1,510,500 

1.186 

950,000 

61/0.1574 

28,500 

1.417 

1.418 

7,484 


1,431,000 

1.124 

900,000 

61/0.1532 

27,000 

1.379 

1,343 

7.091 


1.351,500 

1.062 

850,000 

61/0.1489 

26,000 

1.340 

1,268 

6.696 


1,272,000 

1 

0.9990 

800,000 

61/0.1444 

24,500 

1.300 

1,194 

6,302 


1.192,500 

0.9366 

750.000 

61/0.1398 

23,400 

1.258 

1.119 

5.908 


1,113,000 

0.8741 

700,000 

61/0.1351 

21,850 

1.216 

1 ,044 

5,514 


1,033,500 

0.8117 

650.000 

37/0.1672 

19,480 

1.170 

970 

5,121 


954,000 

0.7493 

600.000 

37/0.1606 

17.980 

1.124 

895 

4,726 


874,500 

0.6868 

550,000 

37/0.1538 

16,480 

1.077 

821 

4.333 


795,000 

0.6244 

500,000 

37/0.1466 

15,300 

1.026 

746 

3,939 


750,000 

0.5890 

472,000 

37/0.1424 

14,430 

0.997 

704 

3,716 


715,500 

0.5620 

450,000 

37/0.1391 

14,050 

0.974 

671 

3,545 


630,000 

0.4995 

400,000 

37/0.1311 

12,490 

0.918 

597 

3.151 


556,500 

0.4371 

350,000 

19/0.1711 

10,490 

0.856 

522 

2,757 


500,000 

0.3927 

314,500 

19/0.1623 

9,425 

0.812 

469 

2,477 


477,000 

0.3746 

300,000 

19/0.1585 

8,990 

0.793 

447.6 

2,363 


397,500 

0.3122 

250,000 

19/0.1447 

7,650 

0.724 

373.0 

1,969 


336,400 

0.2642 

4/0 

19/0.1331 

6,605 

0.666 

315.7 

1,667 


300,000 

0.2356 

188,800 

19/0.1257 

5,890 

0.629 

281.5 

1,486 


266,800 

0.2095 

3/0 

7/0.1953 

5,030 

0.586 

249.1 

1,315 

4/0 

211,600 

0.1662 

2/0 

7/0.1739 

3,990 

0.522 

197.6 

1,043 

3/0 

167,806 

0.1318 

3/0 

7/0.1548 

3,160 

0.464 

156.7 

827 

2/0 

133,077 

0.1045 

1 

7/0.1379 

2.610 

0.414 

124.3 

656 

1/0 

105,535 

0.0829 

2 

7/0.1228 

2,070 

0.368 

98.5 

520 

1 

83,693 

0.0657 

3 

7/0.1094 

1,710 

! 0.328 

! 78.1 

412 

2 

66,371 

0.0521 

4 

7/0.0974 

1,405 

0.292 

62.0 

327 

3 

52,635 

0.0413 

I ’ 

7/0.0867 

1,136 

0.260 

49.2 

260 

1 

41,741 

0.0328 

6 

7/0.0772 

918 

0.232 

39.0 

206 



112. Aluminum Cable, Steel—Reinforced, Bare 

(Aluminum Co. of America) 
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113. Thickness of Rubber Insulation Required for Wires of Types R, 
RH, RP, and RW 

(National Board of Fire Underwriters, which assumes the use of 20 per 
cent rubber gum) 




Thickness, in., for voltages not over 


Size of conductor, 







600 

1,000 

2,000 

3,000 

4,000 

5,000 

A.w.g. and cir. mils 


volts 

volts 

volts 

volts 

volts 

volts 

14-9 

Ha 

Ha 

Ha 

Ha 

°*4 

1 Ha 

8 

Ha 

Ha 

Ha 

Ha 

Ha 

1 Ha 

7-2 

Ha 

Ha 

Ha 

Ha 

Ha 

1 %A 


Ha 

Ha 

Ha 

Ha 

Ha 

x Ha 

213,000-500,000 

Ha 

Ha 

Ha 

Ha 

1 %A 

1 Ha 

501,000-1,000,000 

Ha 

Ha 

9 '6 4 

Ha 

* Ha 

1 Ha 

Over 1,000,000 

Ha 

Ha 

°«4 

1 

1U '84 

'Ha 

1 Ha 


114. Thickness of Insulation Required for Wires of Types RHT, RPT, 

RU, and SN 

(National Board of Fire Underwriters) 


Thickness, in., for 600 volts 


Size of conductor, 


A.w.g. 

RHT 

RPT 

RU 

SN 

SNA 

14-10 

i 

Ha 

18 mils 

Ha 

Synthetic 20 mils 
Asbestos 20 mils 

8 

*6 4 




Synthetic 20 mils 
Asbestos 20 mils 

6-2 




Ha 

' 

1-4/0 
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115. Thickness of Varnished-cambric Insulation Required 

(National Board of Fire Underwriters) 




Thickness of insulation 

Rated voltage, 

Size, A.w.g. or 


Multiconductor cables 

phase to phase, volts 

1,000 cir. mils 

Single-con- 





ductor cables, 





in. 

Individual 

Over-all belt, 




conductois, in. 

in. 

. 

14-8 

Hi 

8/ 64 

None 

1 

7-2 

Hi 

4 04 I 

None 

0- 600 < 

1-4/0 

S/ «4 

».4 

None 

213 500 

*64 

®64 

None 

/ 

501 1,000 

7 «4 

•a 4 j 


\ 

Over 1,000 

*04 

7 m 

H 4 

/ 

14-2 

‘f.4 

Hi 

None 

) 

1 4/0 

\.4 

"64 

None 

601-1,000 < 

213 500 

S.4 

«,4 

. None 

f 

501-1,000 

t m | 

* t 4 

h4 

V 

Over 1,000 

*64 j 

Hi. 

Hi 

i 

12-2 

*04 

*«4 

None 

1,001-2,000 ) 

1-500 

1 «4 

*04 

None 

501-1,000 

7 6t 

*64 

^64 

( 

Over 1,000 

Hi 

7 64 

Hi 

/ 

10-2 


ft/ 64 

Hi, 


1-4/0 

*64 1 

*64 


2,001-3,000 < 

213-500 

7 04 

*6 4 

Hi 

I 

501-1,000 

7 6 4 

*64 

Hi 

V 

Over 1,000 

«04 

Hi 

Hi 


8-4/0 

7 0 4 

*6 4 

Hi 

3,001 4,000 < 

213-500 

501-1,000 

8 «4 

*64 

*64 

*64 

Hi 

Hi 

( 

Over 1,000 

%4 ! 

7 64 

Hi 

( 

8-4/0 

9 /6 4 

*64 

Hi 

4,001 5,000: 

213 1,000 

10 04 

^6 4 

Hi 

l 

Ovei 1,000 

10 6 4 

7 64 

Hi 


The voltages leferred to in the table are the operating voltages between phases of 
single and two-phase systems, and three-phase systems with grounded or ungrounded 
neutral. 
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116. Standard Insulation Thicknesses for Single-conductor Cable or 
Multiple-conductor Type H (Shielded) Cable 

(General Cable Oorp.) 


Rated 
voltage, 
phase to 
phase 

Size of 
conductor, 
A.w.g. or 
1,000 eir. mils 

Paper, solid 

Va 

Grou 

ncu 

rnished cambric 

Rubber 

Grounded 

neutral 

Un¬ 

grounded 

neutral 

nded 

tral 

Un¬ 

grounded 

neutral 

Grounded 

neutral 

Un¬ 

grounded 

neutral 

In. 

Mils 

In. 

Mils 

In. 

Mils 

In. 

Mils 

In. 

Mils 

In. 

Mils 


14-9 





3 04 

47 

3 04 

47 

•? 6 4 

47 

3 64 

47 


8 


6 3 

Ha 

63 

9 04 

47 

961 

47 

96i 

63 

4 /64 

63 

600 

7-2 

964 

03 

Hi 

63 

4 6i 

03 

Hi 

63 

964 

63 

Hi 

63 


1-4/0 

96 4 

63 

Ha 

63 

H i 

78 

Hi 

78 

Hi 

78 

Ha 

78 


213- 500 

961 

03 

Hi 

03 

9 04 

94 

‘*04 

94 

Hi 

94 

Ha 

94 


501-1,000 

Hi 

78 

Ha 

78 

Ha 

109 

7 04 

109 

Hi 

109 

Ha 

109 


Over 1,000 

«<U 

94 

9 04 

94 

964 

125 

964 

125 

964 

125 

964 

125 


14-9 





4 04 

03 

4 04 

63 

4 61 

03 

Ha 

63 


8 

96 4 

63 

Ha 

63 

4 04 

63 

4 04 

63 

Hi 

63 

Ha 

63 


7-2 

4 r> i 

03 

4 04 

03 

4 04 

03 

4 6 i 

63 

• r »ii» 

78 

Ha 

78 

1,000 

1-4/0 


03 

4 04 

<>3 

f M>4 

78 

■M.4 

78 

Ha 

94 

Ha 

94 


213- 5(H) 


03 

4 04 

03 

**04 

94 

‘*01 

94 

7 64 

109 

Hi 

109 


501-1,000 

r 'r,4 

78 

r, 04 

78 

7 M 

109 

7 o4 

109 

8 64 

125 

8 ft4 

125 


Over 1,000 

‘m.i 

94 

Hi 

94 


125 

8 04 

125 

9 04 

141 

9 04 

141 


14-13 





_ 




r >64 

78 

• r *64 

78 


12-9 





M. 1 

78 

r M,t 

78 

•Mil 

78 

r >64 

78 


8 

r, 04 

78 

•%>4 

78 

* 

78 

'*01 

78 

f *64 

78 

■*04 

78 


7-2 . 

■V>» 

78 

Hi 

78 

:, o 1 

78 

r *04 

78 

<> 6 i 

94 

"64 

94 

2,000 

1-4/0 

• r *6i 

78 

5 t. 1 

78 

‘Mil 

94 

“64 

94 

7 1.4 

109 

7 04 

109 


213- 500 


78 

r, 04 

78 

‘*0 4 

94 

‘*6i 

94 

86 l 

125 

8 6 i 

125 


501-1,000 

8 04 

94 

h 01 

94 

7 o. 

109 

7 04 

109 

“64 

141 

«'04 

141 


Over 1,000 

Hti 

109 

'04 

109 

*04 

125 

8 ii4 

125 


141 

Hi 

141 


14-11 









Ha 

109 

Ha 

109 


10-9 





“ 6 4 

94 

964 

94 

Ha 

109 

Ha 

109 


8 

Hi 

78 

r, 04 

78 

B 6 t 

94 

‘'64 

94 

Ha 

109 

Ha 

109 

3,000 

7-4/0 

H,4 

78 

,r *04 

78 

“64 

94 

‘*04 

94 

964 

125 

864 

125 


213- 500 

5 04 

78 

5 <h 

78 

Hi 

109 

7 04 

109 

9 04 

141 

9 64 

141 


501-1,000 

964 

94 

‘Mil 

94 

7 64 

109 

7 6 i 

109 

9 01 

141 

9 6i 

141 


Over 1,000 

7 04 

109 

7 04 

109 

8 01 

125 

804 

125 

•96 4 

156 

‘964 

156 


14-9 









9 64 

141 

964 

141 


8-4/0 

Hi 

94 

Hi 

94 

7 1»4 

109 

7 6t 

109 

Ha 

141 

9 64 

141 

4,000 

213 -1,000 

Ha 

94 

Hi 

94 

8 04 

125 

864 

125 

'Hi 

156 

‘964 

156 


Over 1,000 

7 04 

109 

7 6i 

109 

9 04 

141 

9 6t 

141 

1 ^04 

172 

'Hi 

172 


14-9 









“164 

156 

'Ha 

156 

5,000 

8-4/0 

H 4 

94 

Hi 

94 

'Hi 

i25 

■«64 

i4i 

“>64 

156 

'Ha 

156 


213-1,000 

Hi 

94 

Hi 

94 

9 6 i 

141 

“161 

156 

“64 

172 

'Ha 

172 


Over 1,000 

Ha 

109 

Ha 

109 

9 tl4 

141 

19 04 

156 

''Hi 

188 

'Hi 

188 


14-9 









‘964 

156 

'Hi 

188 


8-4/0 

Hi 

iog 

'U\ 

ioo 

>9 64 

i4i 

'Hi 

i56 

‘964 

156 

'Ha 

188 

6,000 

213-1,000 

zu 

109 

Hi 

109 

Hi 

141 

"Hi 

172 

‘164 

172 

'Hi 

188 


Over 1,000 

9 oi 

125 

961 

125 

9 04 

141 

'Hi 

172 

‘264 

188 

'Hi 

203 

7,000 

8 - 1,000 1 

Ht 

125 

»64 

141 

l %4 

150 

'Hi 

172 

'Hi 

172 

HU 

219 


Over 1,000 1 

Hi 

125 

904 

141 

“’64 

156 

'Ha 

172 

'Hi 

188 

'Hi 

234 


8-7 









'Hi 

188 

'Ha 

250 

8,000 

6 - 1,000 

?64 

ui 

‘%4 

i56 

1 Ki4 

i72 

'Hi 

iss 

‘964 

188 

'Hi 

250 


Over 1,000 

964 

141 

“)H4 

156 

'Hi 

172 

13 04 

188 

‘*64 

203 

'Hi 

266 

9,000 

6 - 1,000 

%4 

141 

M(»4 

172 

'Hi 

172 

1964 

203 

‘964 

203 

‘%4 

266 


Over 1,000 

Hi 

141 

'Hi 

172 

'Hi 

172 

‘964 

203 

l %4 

219 

‘964 

281 
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Standard Insulation Thicknesses for Single-conductor Cable or Multiple- 
conductor Type H (Shielded) Cable ( Continued ) 


Rated 
voltage, 
phase to 
phase 

Size of 
conductor, 0 
Aw<., 

or 1,000 cir mils 

Paper 

Varnished cambrit 

Rubber 

Oil- 

filled,® 

grounded 

neutral, 

mils 

Solid 

Grounded 

neutral 

Un- 1 
grounded 
neutral 

Grounded 

neutral 

Un- 1 
grounded 
neutral 

Grounded 

neutral 

Un¬ 

grounded 

neutral 

In. 

Mils 

156 

156 

In. 

Mils 

Tb8 

188 

In. 

mi 

'Hi 

Mils 

"188 

188 

In. 

Mils 

"234 

234 

In. 

14 ft4 

'Hu 

Mils 

"219 

234 

In. 

Mils 

"281 

297 

10,000 

6 -1,000 

Over 1,000 


'Hi 

1 9fi4 

12 tt4 

'Hi 

lr >64 

'Hi 

'Ha 

'Hi 

11,000 

6 1,000 


'Hi 

156 

'Hi 

188 

"U 

203 

'Ht 

250 

'Hi 

234 

2 %i 

313 


Ovtr 1,000 


'% 4 

156 

'Hi 

188 

'Hi 

203 

"Hi 

250 

'Hi 

250 

2 %i 

328 

12,000 

6-1 000 


'Hi 

172 

'Hi 

203 

'Hi 

219 

'Hi 

250 

'Hi 

250 

HU 

344 


Over 1,000 


'Hi 

172 

'Hi 

203 

'Hi 

219 

'Hi 

250 

'Hi 

266 

2 Hi 

359 

13,000 

6 -1,000 



172 

'Ha 

219 

'Hi 

234 

'Hu 

281 

'Hi 

266 

HU 

359 


Ov< r 1 000 


'%4 

172 

'Hi 

219 

'Ha 

234 

'%i 

281 

1 9«4 

281 

2 H 4 

375 

14,000 

6-1 000 


'Hi 

188 

'Hi 

234 

'Hi 

234 

'Hu 

297 

'Hi 

281 

*Hi 

391 


Over 1,000 


4fi4 

188 

'Hi 

234 

'Hi 

234 

'%i 

297 

'Hi 

297 

HU 

406 

15 000 

6 1 000 

110 

'Hi 

203 

'Hi 

250 

'Hi 

250 

HU 

328 

'Hi 

297 

2 Hi 

422 


Ov<r 1,000 

110 

'■‘<,4 

203 

'Hi 

250 

'Hi 

250 

HU 

328 

HU 

313 

2 Hi 

438 

16 000 

4 and larger 

110 

"<4 

203 

17 04 

266 

'Hi 

266 

HU 

344 





17,000 

4 and larger 

115 

l4 f 4 

219 

18 fi4 

281 

18 H4 

281 

HU 

359 





18,000 

4 and large r 

120 

‘ M 

234 

l *t»4 

281 

10 64 

297 







10,000 

4 and larger 

125 

ir, fcl 

234 

'\4 

297 

mu 

313 





1 


20,000 

2 and larger 

130 

'Hi 

250 

' >01 

297 

2 Hi 

328 







21 000 

2 and larg< r 

135 

'Hi 

250 


313 

24 « 4 

344 







22 000 

2 and larger 

140 

'Ha 

266 

HU 

328 

2 Hi 

350 







23,000 

2 and large r 

145 

'Hi 

266 

*Hi 

344 

24 nt 

375 







24,000 

2 and larger 

150 

'Hi\ 

281 

*n 4 

344 

2 Hi 

391 







25,000 

2 and larger 

155 

'Ha\ 

281 

2 Hi 

359 

2h fl4 

406 







26,000 

2 and larger 

160 

'Hi 1 

297 

24 <,4 

375 

27 M 

422 







27 000 

2 and larger 

160 

ln «4 

297 

2 Hi 

391 

28, , 

438 


| 





28,000 

1 and larger 

165 

2 %1 

313 

*Hi 

406 

HU 

453 







20,000 

1 and larger 

165 

2 Ui 

328 

HU 

422 









30,000 

1 and larger 

170 

21 /04 

328 

*Hi 

422 









31,000 

1/0 and larger 

175 

2 ^4 

344 

HU 

438 









32,000 

1/0 and larger 

175 

*Hi 

344 

HU 

438 









33,000 

1/0 and larger 

180 


359 

2 Hi 

453 









34,000 

1/0 and larger 

185 

*Hi 

375 

mi 

469 









35,000 

1/0 and larger 

190 

HU 

375 

m 4 

484 









36 000 

2/0 and larger 

195 

i ' i «4 

391 











37,000 

2/0 and larger 

200 

HU 

406 








i 

i 


38,000 

2/0 and larger 

200 

2^4 

406 











39,000 

2/0 and larger 

205 

27 U 

422 











40,000 

2/0 and larger 

210 

HU 

422 











41,000 

3/0 and larger 

215 

2 %i 

438 











42,000 

3/0 and larger 

215 

HU 

438 











43,000 

3/0 and larger 

220 

HU 

453 











44,000 

3/0 and larger 

220 

HU 

453 











45,000 

3/0 and larger 

225 

HU 

469 











46,000 

3/0 and larger 

225 

1 %4 

469 











47,000 

4/0 and larger 

235 

HU 

484 











48,000 

4/0 and larger 

240 


500 











49,000 

4/0 and larger 

245 

HU 

500 












a For range of conductor sizes to which oiT-filled thicknesses apply, see Secs. 118 and 119 . 
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Standard Insulation Thicknesses for Single-conductor Cable or Multiple- 
conductor Type H (Shielded) Cable ( Continued ) 




Paper 



Paper 

Rated 

Size of 

Oil-filled" 

Solid 

Rated 

Size of 

Oil-filled® 

Solid 

voltage, 

conductor," 




voltage, 

conductor," 








phase to 
phase 

A.w.g., or 1,000 
' cir. mils 

Grounded 

Grounded 

neutral 

phase to 
phast 

A.w.g., or 1,000 
cir. mils 

Grounded 

Grounded 

neutral 



neutral, 





neutral 




mils 

Iu. 

Mils 



mils 

In. 

Mils 

50,000 

4/0 and larger 

245 


516 

75,000 


340 



51,000 

4/0 and larger 

250 


531 

80,000 


355 



52,000 

4/0 and larger 

250 


531 

85,000 


375 



53,000 

250 and larger 

255 

547 

90,000 


390 



54,000 

250 and larger 

255 


563 

95,000 


410 



55,000 

250 and larger 

260 


563 

100,000 


430 



56,000 

250 and larger 

265 


578 

105,000 


445 



57,000 

250 and larger 

270 

37 *4 

578 

110,000 


465 



58,000 

300 and larger 

275 


594 

115,000 


480 



59,000 

300 and larger 

275 


594 

120,000 


500 



60,000 

300 and larger 

280 


609 

125,000 


525 



61,000 

300 and larger 

285 


609 

130,000 


535 



62,000 

300 and larger 

290 

*%i 

625 

135,000 


555 



63,000 

300 and larger 

290 

40 fU 

625 

138,000 


560 



64,000 

300 and larger 

295 

4 Ml4 

641 

140,000 


570 



65,000 

350 and larger 

295 

4 4m 

656 

145,000 


590 



66,000 

350 and larger 

300 


656 

150,000 


610 



67,000 

350 and larger 

305 

4 4fU 

672 

155,000 


625 



88,000 

350 and larger 

310 

4 ^4 

688 

160,000 


645 



69,000 

350 and larger 

315 


688 

161,000 


650 



70,000 


320 



165,000 


660 



71,000 


320 



230,000 


625 



72,000 


325 







73,000 


330 








74,000 


335 









* For range of conductor sizes to which oil-filled thicknesses apply, see Secs. 118 and 119 . 

Notes 

Oil-filled Paper Cable. —A.E.I.C. and oil-filled cable manufacturers’ insulation thicknesses, based on 
grounded-neutral, three-phase system, for single-conductor cables of 15,000 to 230,000 rated voltage, and 
three-conductor shielded cables of 15,000 to 69,000 rated voltage. For intermediate voltages the insulation 
thickness for the next higher voltage is recommended. All cables have an operating tolerance of 5 per cent 
above the rated voltage. 

Solid-type Paper Cable. —A.E.I.C.—I.P.C.E A. insulation thicknesses, based on grounded-neutral, 
three-phase system, for single-conductor cables of 0 to 69,000 rated voltage and multu onductor shielded 
(ables of 10,000 to 35,000 rated voltage. Values given for ungrounded-neutral operation are from I.P.- 
(\E.A. For intermediate voltages the insulation thickness for the next higher voltage is recommended. 
Ml cables have an operating tolerance of 5 per cent above the rated voltage, except those rated at 15,000 
volts and below, which have no operating tolerance. Recommended minimum sector conductor sizes for 
three-conductor cable are 1/0, 2/0, 3/0, and 4/0 A w.g., corresponding to voltage ranges of 10,000 to 
20,000, 21,000 to 25,000, 26,000 to 30,000, and 31,000 to 35,000, respectively. 

Varnished-cambric Cable. —I.P.C.E.A. insulation thicknesses, based on three-phase system, for single¬ 
conductor cables and multiconductor shielded cables of 0 to °8,000 rated voltage with grounded neutral, 
and 0 to 17,000 rated voltage with ungrounded neutral. Foi intermediate voltages the insulation thick¬ 
ness for the next higher voltage is recommended. All cables have an operating tolerance of 5 per cent 
above the rated voltage, except those rated at 15,000 volts and below, which have no operating tolerance. 

Rubber Cable.— I.P.C.E.A. insulation thicknesses, for all grades of compounds, bwed on grounded- 
and ungrounded-neutral, three-phase system, for single- and multiconductor shielded or unshielded cables. 
For intermediate voltages the insulation thickness for the next higher voltage is recommended. 
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117. Supplementary Table for Insulation Thicknesses 
for Single-conductor, Oil-filled Cable 

(General Cable Corp.) 


Voltage range 

Size, 

A.w.g. or 1,000 
cir. mils 

Insulation 

thickness 

Size, 

1,000 cir. mils 

Insulation 

thickness 

15,000- 19,000 

1/0- 750 

As 

( 751-2,500 

X Over 2,500 

125 mils 

140 mils 

20,000- 35,000 

1/0-2,500 

Over 2,500 

/ Add 

36,000- 74,000 

2/0-2,500 

given 

Over 2,500 

( 15 mils 

75,000-110,000 

3/0-2,500 

in 

Table 

116 

Over 2,500 

) to 

115,000-155,000 

4/0-2,500 

Over 2,500 

j values 

160,000-165,000 

250-2,500 

Over 2,500 

1 * n 

230,000 

750-2,500 


Over 2,500 

V Table 116 


118. Supplementary Table for Insulation Thicknesses 
for Three-conductor, Oil-filled Cable 

(General Cable Corp.) 


Size, A.w.g. 


Voltage range 

or 1,000 

cir. mils 


Round 

Sector 

15,000-34,000 

1-000 

1/0-600 

34,500-41,000 

1/0-600 

2/0-600 

42,000-60,000 

1/0-750 

2/0-750 

61,000-69,000 

2/0-750 

3/0-750 


Insulation 

Insulation Size, thickness 

thickness 1,000 cir. mils to values 
in Table 116 


f601-850 
l Over 850 
f 601-850 
l Over 850 
f 751-850 
l Over 850 
1751-850 


Add 15 mils 
Add 30 mils 
Add 15 mils 
Add 30 mils 
Add 15 mils 
Add 30 mils 
Add 15 mils 
Add 30 mils 
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119. Standard Insulation Thicknesses for Multiconductor Belted Cable 


(General Cable Corp ) 


Hated 
voltage 
phase to 
phase 

Size of con 
ductor A w g 
or 1 000 
cir mils 

I ai tr 

Varnished cambric 

Con 

ductor 


B 

11 


C on 
ductor 


Belt 

n 

indt d 
Ltral 

In 

Mils 

Grounded 

neutral 

Un 

gio lr ded 
mutral 

In 

Mils 

( rounded 
neutral 

U 

groii 

neu 






In 

Mils 

In 

Mils 



In 

Mils 

In 

Mils 


/ 

14 0 







2 64 

47 






1 

8 

>6 4 

63 

2 f 4 

31 

Ha 

31 

3 6 4 

47 






J 

7 2 

Ha 

63 

*6 4 

31 

>6 4 

31 

%4 

63 






600 < 

1 4/0 

Ha 

63 

■*64 

31 

>6 4 

31 

"64 

78 






j 

213 500 

"b4 

78 

? 64 

31 

2 fl 4 

31 

«64 

94 






I 

o 

o 

o 

o 

Vl 

78 

2 64 

31 

2 6 4 

31 

6 «4 

94 

*T4 

31 

w 

31 


\ 

Over 1 000 

*64 

78 

V 4 

31 

*6 4 

31 

Ha 

10) 

*6 4 

31 


31 


/ 

14 0 







*64 

63 






1 

8 2 

*64 

63 

2 64 

31 

2 G 4 

31 

«.« 

63 







1 4/0 

4 64 

63 

*64 

31 

2 6 4 

31 

"64 

78 







213 500 

*64 

78 

2 R 4 

31 

2 6 4 

31 

« B 4 

94 






I 

501 1 000 

15 0 4 

78 

1 

31 

2 04 

31 

C 6 t 

94 

2 6 4 

31 

2 f 4 

31 


\ 

Over 1 000 

*64 

78 

2 64 

31 

*64 

31 

7 6 4 

109 

Ha 

31 

*64 

31 


t 

12 9 







*6 4 

78 






1 

8 2 

Vi 

78 

2 64 

31 

2 B 4 

31 

"c 4 

78 






000/ 

1 4/0 

*64 

78 

2 m 

31 

2 fl 4 

31 

h 64 

94 





2 

213 500 

Vu 

78 

2 6 4 

47 

8 m 

47 

fi 64 

94 






I 

501 1 000 

"64 

78 

2 64 

47 

2 fi 4 

47 

"64 

94 

*64 

31 

>6 4 

31 


\ 

Over 1 000 

"64 

78 

2 6 4 

47 

S 64 

47 

7 fi 4 

109 

2 6 4 

31 

*6 4 

31 


( 

10 9 







"64 

78 

*6 4 

31 

>64 

31 


( 

8 2 

*64 

78 

3 64 

47 

2 6 4 

47 

Ha 

78 

2 64 

31 

*64 

31 

3 

000/ 

1 500 

Ha 

78 

2 6 4 

47 

3 6 4 

47 

%A 

94 

*6 4 

31 

2 64 

31 


) 

501 1 000 

"64 

78 

a B 4 

47 

2 6 4 

47 

«64 

94 

®64 

47 

®64 

47 



Over 1 000 

"64 

78 

3 C 4 

47 

2 6 4 

47 

>64 

109 

S «4 

47 

S 64 

47 


( 

8 500 j 

*6 4 

94 

2 64 

47 

2 64 

47 

6 64 

94 

®64 

47 

®64 

47 

4 

000/ 

501 1 000 

%4 

94 

3 64 

47 

3 f 4 

47 

*64 

94 

>6 4 

63 

«.4 

63 


l 

Over 1 000 

fi 64 

94 

>6 4 

47 

2 6 4 

47 

Ha 

109 

>6 4 

63 

*64 

P3 


( 

8 4/0 

*64 

94 

V4 

63 

*6 4 

63 

Ha 

94 

>6 4 

63 

Ha 

63 

5 

000/ 

213 1 000 

« B 4 

94 

%A 

63 

Ha 

63 

Ha 

109 

>6 4 

63 

Ha 

63 


l 

Over 1 000 

6 64 

94 

>6 4 

63 

>6 4 

63 

7 6 4 

109 

Ha 

78 

Ha 

78 

6 

0001 

8 4/0 

6 64 

94 

4 C 4 

63 


63 

*64 

94 

Ha 

78 

Ha 

78 

Over 4/0 

f 64 

94 

><4 

63 

Ha 

63 

>64 

109 

"64 

78 

Ha 

78 

7 

000 

8 and larger 

? 64 

109 

Ha 

63 

>64 

94 

%A 

109 

Ha 

78 

fi G 4 

94 

8 

000 

6 and large r 

7 6 4 

109 

>6 4 

63 

%4 

109 

Ha 

109 

Ha 

94 

>64 

109 
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Standard Insulation Thicknesses for Multiconductor Belted Cable 

( Continued) 



Paper 

Varnished cambric 


Con- 

Belt 

C ° n - Holt 


... , ductor 


ductor 


Rated 

Size of con- 









phase to 

or 1,000 




phase 

cir. mils 

(ii ounded ^ II , , 

Grounded 

Un- 



. , grounded 

neutral 

neutral 

grounded 



neutral 


neutral 


In. Mils 


In. Mils 




In. Mils In. Mils 

In. Mils 

In. Mils 

9,000 

6 and larger 8 « 4 125 

4 t,4 03 »(U 125 

% 4 125 % 4 94 

%4 125 

10,000 

6 and largei 8 fi4 125 

*64 03 «,4 125 

%4 141 «',4 04 

%4 141 

11,000 

6 and laipei % 4 125 

s a 78 8 U 125 

<'%i 150 % 4 94 

>%4 150 

12,000 

6 and larger % 4 141 

%i 78 %t 141 

'% 4 150 %4 109 

l %4 156 

13,000 

G and laigei % 4 141 

*<4 78 \ 4 141 

"it 172 %4 109 

l %4 172 

14,000 

6 and larger 1 % 4 15G 

4 78 l%4 150 

| 12 »4 188 % 4 109 

'%4 188 

15,000 

0 and larger l % 4 156 

5 64 78 1<4 64 156 

ls '«4 203 %4 109 

l %4 203 

16,000 

4 and larger. 


l %4 219 % 4 109 

l %4 219 

17,000 

4 and larger. 


,4 '64 219 14.4 109 

l %4 219 


Notes 

Solid-type Paper Cable. —A.E.I.C.—I.P.C.E.A. insulation thicknesses, based on 
grounded-neutral, three-phase system, for multiconductor belted cables. Values given 
for ungi ounded-neutral opeiation are from I.P.C.E.A. For intermediate voltages the 
insulation thickness for the next higher voltage is recommended. Cables rated at 
15,000 volts and below have no operating tolerance with respect to operating voltage. 
Recommended minimum sector conductor size is 1/0 A.w.g. 

Varnished-cambric Cable. —I.P.C.E.A. insulation thicknesses, based on three-phase 
system, for multiconductor belted cables. For intermediate voltages the insulation 
thickness for the next higher voltage is recommended. All cables have an operating 
tolerance of 5 per cent above the rated voltage, except those rated at 15,000 volts and 
below, which have no operating tolerance. 

Rubber Cables. —For multiconductor unshielded rubber-insulated cables the thick¬ 
nesses given in Sec. 116 apply. 
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120. Recommended Cable Ratings for Series-lighting, Rubber-insulated 
Cable and Vamished-cambric-insulated Cable 

(General Electric Co.) 



Secondary circuit 
voltage at 6.6 amp. 

Without protectors 

With protectors 

Trans- 




1 



1 


former 




Recommended 


Recommended 

ratings, 



Reeom- 

insul. wall 

Recom- 

insul. wall 

kw. 

Open 

Closed or 

mended 



mended 




loaded 

voltage 



voltage 






rating 

Size, 

Thick- 

rating 

Size, 

Thick- 





A.w.g. 

ness, in. 

1 

A.w.g. 

ness, in. 


225 

152 

600 

8 4 

Hi 

600 

8 4 


2 

430 

303 

600 

8-4 

Hi 

600 

8 4 

S 4 

8 j 

600 

454 

1,000 

8 

Hi 

600 

8 4 

4 fl4 





7 4 

Hi 




5 

1,080 

757 

2,000 

8 

Hi 

1 ,000 

8 

Su 





7-4 

Hi 


7 4 

*64 

7.5 

1,600 

1,137 

2,000 

8 

Hi 

2,000 

8 

5 '6 4 





7 4 

Hi 


7 1 

*64 

10 

2,090 

1,515 

3,000 

8 

7 '6 4 

2,000 

8 

Hi 





7 4 

8 *4 


7 4 

Hi 

15 

3,090 

2,272 

4,000 

8-4 

Hi 

3,000 

8 

Hi 








7-4 

Hi 

20 

4,115 

3,030 

5,000 

8 4 


4,000 

8 - 4 

Hi 

25 

5,110 

3,787 

6,000 

8-4 

'Hi 

4,000 

8 4 

Hi 

30 

6,130 

4,545 

7,000 

8 4 

'Hi 

5,000 

8 4 

'Hi 

40 

8,260 

6,060 

9,000 

8 4 

'hi 

7,000 

8-4 

'Hi 

50 

10,350 

7,580 

11,000 

8-4 

1 H 4 

8,000 

8-4 

'hi 

GO 

12,400 

9,100 

13,000 

a 

' 7 '6 4 

10,000 

a 

'Hi 

70 

14,500 

10,600 

15,000 

a 

19 '04 

11,000 

a 

1 Hi 

' 


“ 8-4 for rubber-insulated. 

0-4 for varnished-cambric-insulated. 
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122. Voltage Ranges and Shielding Practice for Insulated Cable 

(General Electric Co.) 
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Not mounted on insulators 
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123. Common Protective Coverings.— The more common protective 
covering combinations that are available are listed below, together with 
the general field of application of each. For each combination covering, 
the materials are listed in the order that they are applied in the manu¬ 
facture of the cable. 

Covering Application 

1. Single braid. a. General low-voltage use in dry or slightly 

moist locations for single-conductor, 
rubber-insulated cables No. 8 or smaller 

b. Varnished-cambric-insulated cables 1 in. or 
less in diameter 

c. All-asbestos-insulated cables 

2. (a) Double braid or (5) rubberized General low-voltage use in dry or slightly 
tape-cotton braid (most common) moist locations for all cables except those 

listed under 1 above 

Types of braid employed for Nos. 1 and 2 coverings as follows: 

Light cotton. Only on Code and intermediate-grade rubber- 

insulated cables 

Standard cotton. Outer braid for rubber- and varnished- 

cambric-insulated cable for indoor service 
and installation in conduit 

Heavy cotton. Outer braid for rubber- and varnished- 

cambric-insulated cable for outdoor or 
fairly rough service 

Seine twine or hawser cord. Outer braid for rubber- and varnished- 

cambric-insulated cables subjected to rough 
service 

Sisal cord or hemp. Outer braid for rubber- and varnished- 

cambric-insulated cables subjected to 
special rough service 

Asbestos.Vsbest os-insulated cables and rubber-insu¬ 

lated cables subjected to possible momen¬ 
tary flame 

Glazed cotton, rayon, and silk. . . Small flexible cords for light-duty indoor 

installations 

3. Rubberized tape, woven cover.Low-voltage conti ol or small-sized power 

cables subjected to special rough service, 
tree wire 

4. Rubber or synthetic jacket. Flexible power cables and for cables for direct 

burial in earth 

o. Rubberized tape, lead sheath; or Any cable subjected to severe moisture condi- 
simply lead shealh tions and ordinary mechanical strains 

(i. Jute, flat-band armor. Cables in dry locations subject to impact or 

abrasion 

7. Jute, interlocking armor. Cables in dry locations similar to 6 but for 

greater protection against impact or 
abrasion 

8 . Rubberized tape, basket-weave armor Cables in dry locations requiring compact and 

flexible mechanical protection of light 
weight 

9. Jute, wire armor. Cable in dry locations subject to extreme ten¬ 

sion or abrasion 
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10. Lead-sheathed cable, jute flat-band 

armor. Same as 6 for cable subjected to moisture 

11. Lead-sheathed cable, jute-interlock¬ 
ing armor. Same as 7 for cable subjected to moisture 

12. Lead-sheathed cable, jute wire armor Same as 9 for cable subjected to moisture 

13. Lead-sheathed cable, basket-weave 

armor. Same as 8 foi cable subjected to moisture 

124. The following additional coverings are employed over cable pro¬ 
tective coverings 5, 6, 7, 8, 9, 10, 11, 12, and 13, listed above, in order to 
provide additional protection when subjected to acids, alkalies, corrosive 
vapors, electrolysis, etc. 

1. Asphalt and one heavy cotton braid 

2. Asphalt and two heavy cotton braids 

3. Asphalt and one duck tape 

4. Asphalt and two duck tapes 

5. Asphalt and one jute serving 

6. Asphalt and two jute servings 

7. Asphalt, jute serving, heavy cotton braid 

8. Asphalt, jute serving, duck tape 

9. Asphalt, two self-vulcanizing tapes, duck tape 

10. Asphalt, two self-vulcanizing tapes, heavy cotton braid 

11 . Asphalt-asbestos tape or braid 


125. Common Saturants and Finishes for Braided Cables 


Saturant 

Finish 

Characteristics 

1. Asphalt 

Wax (smooth 
black) 

Moisture resisting, flame retaiding, abrasion resisting 

2 Asphalt 

Mica-coated, 

stearine 

pitch 

Moisture resisting; flame retaiding; abrasion resisting. 
Bettei moisture resistance than 1 but not such good 
abrasion lesistance. This, satuiant and finish aie 
applied in two grades; MRFR foi duet and conduit 
use and UKCJ for outdoor aerial use (weatherproof) 

3. Paint (slow- 

Paint hIoh- 

High resistance to heat and flame, not moistuie 

burning) 

buming 

i esistant 

4. Asphalt oi 
paint 

Lacquei 

Moistuie resisting; oil and ozone resisting; resistance 
to some chemicals. Not abrasion resisting and 
therefore not lecommended for installation in ducts, 
conduits, or casings 

5. Varnish 

Varnish 

Moisture resisting, oil resisting, some resistance to 
abrasion 
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126. Minimum Standard Thicknesses for Braid Coverings 



Thickness of single braid, in. 

Diam. under 
braid, in. 

Cotton braids 

Asbestos 






Code 

Standard 

Heavy 


0-0.200 

0.015 

0.0163 

0.020 

0.045 

0.201-0.300 

0.017 

0.0175 

0.0223 

0.045 

0.301-0.350 

0.017 

0.0175 

0.0258 

0.045 

0.351-0.600 

0.020 

0.0200 

0.0258 

0.050 

0.601-0.800 

0.020 

0.0200 

0.0316 

0.050 

0.801 1.000 

0.025 

0.0258 

0.0316 

0.050 

1.001-1.500 

0.025 

0.0258 

0.037 

0.050 

1.501-2.000 

0.031 

0.0316 

0.0446 

0.050 

2.001-3.000 

0.031 

0.0316 

0.0556 

0.050 


127. Minimum Standard Thicknesses of Lead Sheath 


Min. thickness of sheath 


Diam. under lead 
sheath, in. 

Rubber-, var¬ 
nished-cam- 
brie- or asbes¬ 
tos-insulated 
cable 

Paper insulated 

Single lead sheath 

Double lead 
sheath (rein¬ 
forced) 

Solid type 

Oil filled 

In. * 

Mils 

In. 

Mils 

In. 

Mils 

Inner 

sheath, 

mils 

Outer 

sheath, 

mils 

0-0.425 

Ha 

47 

R 64 

78 



95 

95 

0.42G--0.600 

*64 

63 

Ha 

78 



95 

95 

0.601 0.700 

Ha 

63 

5.5/64 

80 



95 

95 

0.701-0.900 

Ha 

78 

5.5/64 

86 



95 

95 

0.901-1.050 

Ha 

78 

Ha 

94 

Ha 

109 

95 

95 

1.051-1.200 

%A 

94 

Ha 

94 

Ha 

109 

95 

95 

1.201-1.500 

?84 

94 

6.5/64 

101 

Ha 

109 

95 

95 

1.501-1.800 

Ha 

109 

Ha 

109 

7.5/64 

117 

95 

95 

1.801-2.000 

Ha 

109 

7.5/64 

117 

Ha 

125 

105 

105 

2.001-2.100 

Ha 

125 

7.5/64 

117 

Ha 

125 

105 

105 

2.101-2.400 

Ha 

125 

Ha 

125 

8.5/64 

133 

105 

105 

2.401-2.700 

Ha 

125 

8.5/64 

133 

Ha 

141 

115 

115 

2.701-3.000 

Ha 

125 

*64 

141 

9.5/64 

149 

115 

115 

3.001-3.300 

Ha 

141 

1 Ha 

156 

10 Aa 

156 

125 

125 

3.301-3.600 

Ha 

141 

10.5/64 

164 

'Ha 

172 

125 

125 

3.601 and over 

Ha 

141 

1 Ha 

172 

x Ha 

172 

125 

125 
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128. Standard Thicknesses for Jute Serving as Protection over Lead 
Sheaths without Metallic Armor 


Min. thickness of jute serving 


Diam. over lead sheath, 
in. 

One serving 

Two servings 


In. 

Mils 

In. 

Mils 

0 - 1.000 

Ha 

63 

%A 

94 

1.001-2.500 

Ha 

63 

Ha 

109 

2.501 and larger. 

%4 

63 

%A 

125 


129. Standard Thicknesses of Fibrous Coverings over Lead Sheaths 
without Metallic Armor 


Min. thickness of 


Diam. over lead sheath, in. Braid 


Each tape, mils 




In. 

Mils 

0-0.750 

20 

Ha 

47 

0.751-1.000 

20 

Ha 

63 

1.001-2.500 

20 

Ha 

78 

2.501 and larger. 

20 

%A 

94 


130. Standard Thicknesses of Jute Bedding for Armored Cables 



Lead-sheathed cables 

Nonleaded cables 

Cable diam. under 
jute bedding, in. 

Tape armored 

Wire armored 

Tape or wire armored 


In. 

Mils 

In. 

Mils 

In. 

Mils 

0-0.450. 

*S4 

31 

Ha 

47 

Ha 

78 

0.451-0.750. 

Ha 

47 

Ha 

47 

Ha 

78 

0.751-1.000. 

Ha 

47 

Ha 

63 

Ha 

94 

1.001-2.500. 

Ha 

63 


78 

Ha 

109 

2.501 and larger. 

Ha 

63 

H* 

94 

Ha 

125 


Thickness of jute bedding for twin-flat constructions shall be that corresponding to 
the major core diameter. 
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131. Standard Dimensions for Flat-tape and Round-wire Steel Armor 


Diam. of cable under 
jute bedding, 0 in. 

Dimensions of armor 

Flat tape 

Round wire 

Max. average 
width, in. 

Min. average 
thickness, in. 

Min. size, 
B.w.g. 

Diam., in. 

0-0.450. 

0.75 

0.020 

12 

0.109 

0.451-0.750. 

1.00 

0.020 

12 

0.109 

0.751—1.000. 

1 .00 

0.020 

10 

0.134 

1.001-1.400. 

1.25 

0.030 

8 

0.165 

1.401-1.700. 

1.50 

0.030 

8 

0.165 

1.701-2.000. 

1.50 

0.030 

6 

0.203 

2.001-2.500. 

2.00 

0.030 

0 

0.203 

2.501 and larger. 

2.00 

0.030 

4 

0.238 


° For tape armor on twin-flat constructions, dimensions are based on diameter of 
major axis. Tape armor is usually supplied with two tapes applied in same direction, 
with outer tape approximately centered over spaces between convolutions of inner tape, 
such spaces not to exceed 10 per cent of width of tape. 

Special requirements for wire-armored dredger cables: 


Diam. under jute bedding, in. 

0-1.700 

1.701-2.500 

2.501 and larger 

Min. size armor wire, B.w.g. 

12 

10 

8 


132. Standard Dimensions for Interlocking Steel-tape Armor 


Diam. over lead or braid 

Dimensions of tape before forming 

With jute bedding, 
in. 

Without jute 
bedding, in. 

Max. width, 
in. 

Min. nverage 

Steel or 
bronze 

thickness, in. 

Aluminum, 
brass, or zinc 

0-0.388. 

0-0.450 

0.375 

0.020 

0.25 

0.389-0.656. 

0.451-0.750 

0.500 

0.020 

0.25 

0.657-0.906. 

0.751-1.000 

0.750 

0.020 

0.25 

0.907-1.275. 

1.001-1.400 

0.875 

0.020 

0.25 

1.276-1.875. 

1.401-2.000 

1.250 

0.025 

0.30 

1.876 and larger. 

2.001 and larger 

2.000 

0.025 

0.30 
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133. Standard Armor-wire Sizes for Vertical-riser, Borehole, and Dredge 

Cable 


Diam under jute bedding, m 

Mm size of armor wire, B w g 

Veitual riser 

Boi ehole 

Dredge 

0-0 750 

12 

12 

12 

0 751-1 000 

12 

10 

12 

1 001-1 700 

10 

8 

12 

1 701-2 500 

8 

6 

10 

2 501 and larger 

6 

4 

8 


134. Standard Wire Servings over Armor Wire for Borehole and Vertical - 

riser Cables 


Diam over armor wire, m. 

Max band 
spacing ft 

Length of 
band in. 

0-1 500 

50 

3 

1 501-2 500 

35 

4 

2 501 and larger 

25 

4 
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135. Minimum Bending Radii for Installation of Rubber- and 
Varnished-cambric-insulated Cables 


Thickness of conductor insulation, in. 

Min. bending radii as a multiple* 
of cable over-all diam. 

. . 

Up to 500,000 
eir. mils 

500,000 cir. mils 
and over 

Varnished cambric 

Up *o % 4 . 

5 

5 

%4 l *4 . 

5 

0 

X Ha *%4 . 

fi 

7 

2 Ha and over. 

7 

7 

Rubber 

Up to %4 . 


4 

. 

A 

5 

X H4~ 2 %4 . 

o 


2 Ha and over. 

(> 

6 


Example: Determine the minimum allowable bending radius for a 4/0, single-con¬ 
ductor, braided cable insulated with 1 Ha in. of varnished cambric. 

Solution: From Tables 117 to 120 a thickness of 'Ha in. would be used on 8,000-volt 
cable. From Table 140 the over-all diameter of an 8,000-volt braided cable is 0.957 in. 
From the table above, the minimum allowable bending radius is 5 times the over-all 
diameter of the cable. Therefore the minimum allowable bending radius = 5 X 0.957 
= 4.785 in. 
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136. Minimum Bending Radii for Installation of Paper-insulated Cables'* 

Single-conductor and Nonbelted Cables 


Conductor insulation thick¬ 
ness, in. 

Outside diameter of cable, in. 

0-0.750 

0.751-1.500 

Over 1.500 

Minimum bending radii as a multiple of cable diam. 

l %4 and less. 

5 

6 

7 

1 H4~ 2 %4 . 

6 

W 

7 

Over a % 4 . 

6 H 

7 

7 


Multiconductor Belted Cables 


Outside diam. in. 

Min. bending radii as a multiple of cable diam. 

1.000 and less. 

5 

1.001-1.500. 

0 

Over 1.500. 

7 


« For method of computing minimum allowable bending radius, see example after 
Table 135. 
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of braid over each conductor and an 
over-all braid. Covering for larger 
sizes is similar to item 4 with tape over 
each conductor and over-all covering 
of tape and braid 





137. Common Cable Assemblies (Continued) 
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137. Common Cable Assemblies ( Continued) 
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is applied directly over insulation 
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Paper Insulation 




137. Common Cable Assemblies ( Continued) 
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24. Armored cable. Type ACL 1 56 163 Same as item 23 except that over-all 

, Tinned Copper Conductors protection consists of lead sheath cov- 

| .RubberInsulation -ABCAmor ered with flexible steel armor 
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137. Common Cable Assemblies ( Continued ) 


208 


AMERICAN ELECTRICIANS’ HANDBOOK [Div. 2 



Seme 'Rubber Sheath 
Twine Cord Jacket 
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138. All-aluminum Weatherproof Covered Wire 

(Aluminum Co. of America) 


Alumi¬ 

num 

size cir 

nnlb oi 

A w g 

Copper 
equivalent 
(ir mils 
or A w g 

Double braid we itherproof 

Triple braid weatherproof 

Diam 

in 

Weight 
lb per 

1 000 ft 

Weight 
lb per 
mile 

Diam 

in 

Weight 
lb per 

1 000 ft 

Weight 
lb per 
mile 

© 

o 

c 

c 

1 000 000 

1 803 

1 947 

10 280 

1 973 

2 204 

11 637 

1 olO 500 

950 000 

1 768 

1 862 

9 828 

1 938 

2 114 

11 159 

1 431 000 

900 000 

1 726 

1 775 

9 372 

1 895 

2 020 

10 665 

l 351 500 

850 000 

1 686 

1 688 

8 914 

1 852 

1 923 

10 154 

1 272 000 

800 000 

1 645 

1 601 

8 451 

1 808 

1 827 

9 644 

1 102 500 

750 000 

1 602 

1 513 

7 988 

1 762 

1 728 

9 123 

1 113 000 

700 000 

1 558 

1 424 

7 520 

1 718 

1 633 

8 624 

1 033 500 

650 000 

1 466 

1 282 

6 768 

1 619 

1 472 

7 771 

054 000 

600 000 

1 416 

1 192 

6 294 

1 566 

1 372 

7 244 

874 500 

550 000 

1 365 

1 103 

5 822 

1 512 

1 273 

6 719 

705 000 

500 000 

1 310 

1 012 

5 343 

1 4)2 

1 169 

6 172 

750 000 

472 000 

1 277 

959 

5 062 

1 416 

1 109 

5 854 

715 500 

450 000 

1 250 

918 

4 849 

1 189 

1 064 

5 620 

630 000 

400 000 

1 188 

82o 

4 355 

1 122 

960 

5 068 

o56 500 

350 000 

1 120 

| 731 

3 860 

1 245 

850 

4 489 

500 000 

314 500 

1 070 

664 

3 507 

1 191 

773 

4 082 

477 000 

300 000 

1 047 

635 6 

3 356 

1 168 

742 6 

3 921 

397 500 

250 000 

0 968 

539 0 

2 845 

1 081 

631 0 

3 331 

33b 400 

4/0 

0 866 

438 7 

2 316 

0 948 

497 7 

2 628 

300 000 

188 800 

0 823 

394 5 

2 083 

0 903 

449 5 

2 373 

266 800 

3/0 

0 778 

353 1 

1 864 

0 854 

404 1 

2 133 

4/0 

2/0 

0 700 

284 6 

1 502 

0 776 

330 1 

1 743 

3/0 

1/0 

0 630 

229 7 

1 212 

0 700 

266 7 

1 408 

2/0 

1 

0 566 

184 3 

973 

0 633 

216 3 

1 142 

1/0 

2 

0 498 

143 6 

758 

0 570 

174 5 

921 

1 

3 

0 428 

108 4 

572 

0 488 

130 4 

688 

2 

4 

0 390 

88 8 

469 

0 460 

112 7 

595 

1 

5 

0 358 

73 3 

387 

0 424 

94 2 

498 

4 

6 

0 328 

60 5 

320 

0 398 

81 0 

428 
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139. Properties of Weatherproof and Slow-burning 


Size, 

B. & S. and 
cir. mils 

Weatherproof 

Approx, weight, lb. 
per 1,000 ft. 

Approx, over-all 
diam., in. 

Type W P 
triple-braid 

Double 

braid 

Type W P 
triple braid 

Double 

braid 

Solid wire 

4/0 

767 

723 

0.781 

0.610 

3/0 

629 

587 

0.735 

0.560 

2/0 

502 

467 

0.610 

0.515 

1/0 

407 

377 

0.563 

0.470 

1 

316 

294 

0.500 

0.405 

2 

260 

239 

0.478 

0.374 

4 

164 

151 

0 422 

0.320 

6 

112 

100 

0.391 

0.278 

8 

75 

66 

0.344 

0.245 

10 

53 

46 

0.312 

0.197 

12 

35 

30 

0.266 

0.172 

14 

25 

20 

0.250 

0.155 

16 

14 

16 

0.219 

0.142 

18 

11 

12 

0.187 


20 

12 

9 

0.156 


Stranded wire or cable 

2,000,000 

7,008 

6,690 

2.141 

1.844 

1,760,000 

6,193 

5,894 

2.036 

1.740 

1,600,000 

5,380 

5,098 

1.922 

1.624 

1,250,000 

4,508 

4,264 

1.799 

1.500 

1,000,000 

3,674 

3,456 

1.656 

1.365 

900,000 

3,332 

3,127 

1.610 

1.310 

800,000 

2,992 

2,799 

1.563 

1.243 

750,000 

2,822 

2,635 


1.210 

700,000 

2,650 

2,471 

i.468 

1.177 

600,000 

2,235 

2,093 

1.328 

1.105 

500.000 

1,894 

1,765 

1.250 

1.027 

450,000 

1,724 

1,601 

1.188 

0.984 

400,000 

1,553 

1,436 

1.141 

0.940 

350,000 

1,345 

1,248 

1.000 

0.894 

300,000 

1,174 

1,083 

0.968 

0.846 

250,000 

985 

907 

0.906 

0.780 

4/0 

810 

745 

0.860 

0.708 

3/0 

653 

604 

0.796 

0.648 

2/0 

522 

482 

0.672 

0.590 

1/0 

424 

388 

0.610 

0.555 

1 

328 

303 

0.547 

0.470 

2 

270 

246 

0.515 

0.415 

4 

170 

155 

0.437 

0.353 

6 

115 

103 

0.344 

0.305 

8 

| 78 

68 

0.281 

0.270 
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Copper Wire and Cable. (General Cable Co.) 


Slow-burning 

Size, B. & S. 
and cir. mils 

Approx, weight, lb. 
per 1,000 ft. 

Approx, over-all diam., in. 

Type S B. 
white finish 

Type S B W, 
weatherpi oof 
black finish 

Type S B, 
white finish 

Type S B W, 
weatherproof 
black finish 

Solid wire 

925 

862 

0.7500 

4/0 

760 

710 

0.7031 

3/0 

600 

562 

0.5781 

2/0 

495 

462 

0.5312 

1/0 

365 

340 

0.4687 

1 

320 

280 

0.4375 

2 

220 

190 

0.375 > 

4 

160 

127 

0.3125 

6 

100 

85 

0.2656 

8 

80 

60 

0.2500 

10 

55 

42 

0.2187 

12 

10 

30 

0.1875 

14 

30 

21 

0.1562 

16 

24 

19 

0.1250 

18 


1 



20 


Stranded wire or cable 


7.800 

7.300 

2.091 

2,000,000 

6,900 

6,550 

1.986 

1,750,000 

6,000 

5.675 

1.872 

1,500,000 

5,000 

4,780 

1.748 

1,250,000 

3,980 

3,800 

1.609 

1,000,000 

3,640 

3,520 

1.563 

900,000 

3,280 

3,180 

1.516 

800,000 

3,100 

3,000 



750,000 

2,920 

2,820 

1.422 

700,000 

2,400 

2,350 

1.281 

600,000 

2,080 

1,990 

1.203 

500,000 

1,900 

1,820 

1.141 

450,000 

1,700 

1,650 

1 1.094 

400,000 

1,500 

1,440 

0.969 

350,000 

1,310 

1,270 

0.938 

300,000 

1,120 

1,060 

0.875 

250,000 

960 

900 

0.828 

4/0 

785 

735 

0.766 

3/0 

625 

583 

0.641 

2/0 

510 

480 

0.578 

1/0 

380 

355 

0.516 

1 

335 

290 

0.484 

2 

230 

195 

0.422 

4 

165 

132 

0.344 

6 

105 

87 

0.281 

8 
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140. Aluminum Cable, Steel Reinforced, Double Braid, Weatherproof 

Covered 

(Aluminum Co. of America) 


A.C.S.R., 

Copper 

Stranding number 
and diam. of 


Weight, lb. per 1,000 ft. 

Percentage of total wt. 

B.&S.or 

A.w.g. 

B. & 8. or 
A.w.g. 

strands, in. 

Alum. Steel 

__ 

m. 

Total 

Alum. 

Steel 

Insu¬ 

lation 

Alum. 

Steel 

Insu¬ 

lation 

4/0 

2/0 

6/0 1878 1/0 1878 

0 744 

393 1 

197 6 

94 5 

101 0 

50 3 

24 0 

25 7 

3/0 

1/0 

6/0 1672 1/0 1672 

0 665 

312 1 

156 7 

74 9 

80 5 

50 2 

24 0 

25 8 

2/0 

1 

6/0 1490 1/0 1490 

0 589 

246 2 

124 3 

59 4 

62 5 

50 5 

24 1 

25 4 

1/0 

2 

6/0 1327 1/0 1327 

0 528 

196 6 

98 5 

47 1 

51 0 

50 1 

24 0 

25 9 

1 

3 

6/0 1182 1/0 1182 

0 455 

149 9 

78 1 

37 4 

34 4 

52 1 

24 9 

23 0 

2 

4 

7/0 0974 1/0 1299 

0 423 

139 7 

62 0 

45 2 

32 5 

44 4 

32 4 

23 2 

2 

4 

6/0 1052 1/0 1052 

0 414 

122 9 

62 0 

29 6 

31 3 

50 4 

24 1 

25 5 

3 

5 

6/0 0937 1/0 0937 

0 379 

100 1 

49 2 

23 5 

27 4 

49 2 

23 5 

27 3 

4 

6 

7/0 0772 1/0 1029 

0 353 

92 1 

39 0 

28 4 

24 7 

42 3 

30 8 

26 9 

4 

6 

6/0 0834 1/0 0834 

0 346 

81 9; 

39 0 

18 6 

24 3 

47 6 

22 7 

29 7 

5 

7 

6/0 0743 1/0 0743 

0 319 

68 3 

30 9 

14 8 

22 6 

45 2 

21 6 

33 2 

6 

8 

6/0 0661 1/0 0661 

0 294 

56 2 

24 5 

11 7 

20 0 

43 6 

20 8 

35 6 

7 

9 

6/0 0589 1/0 0589 

0 273 

47 1 

19 4 

9 3 

18 4 

41 2 

19 7 

39 1 

8 

10 

6/0 0525 1/0 0525 

0 252 

39 1 

15 4 

7 4 

16 3 

39 4 

| 18 9 

41 7 


141. Aluminum Cable, Steel Reinforced, Triple Braid, Weatherproof 

Covered 

(Aluminum Co. of America) 


A.C.S.R., 

^ Copper 

Stranding number 
and diam of 


Weight, lb. per 1,000 ft. 

Pern ntage of total wt. 












A.w.g. 

A.w.g. 

Alum. Steel 


Total 

Alum. 

Steel 

Insu¬ 

lation 

Alum. 

Steel 

Insu¬ 

lation 

4/0 

2/0 

6/0 1878 1/0 1878 

0 824 

434 1 

197 6 

94 5 

142 0 

45 5 

21 8 

32 7 

3/0 

1/0 

6/0 1672 1 /0 1672 

0 749 

352 6 

156 7 

74 9 

121 0 

44 4 

21 2 

34 4 

2/0 

1 

6/0 1490 1/0 1490 

0 660 

283 7 

124 3 

59 4 

100 0 

43 8 

20 9 

35 3 

1/0 

2 

6/0 1327 1/0 1327 

0 606 

227 6 

98 5 

47 1 

82 0 

43 3 

20 7 

36 0 

1 

3 

6/0 1182 1/0 1182 

0 515 

170 0 

78 1 

37 4 

54 5 

45 9 

22 0 

32 1 

2 

4 

7/0 0974 1/0 1299 

0 493 

160 4 

62 0 

45 2 

53 2 

38 6 

28 2 

33 2 

2 

4 

6/0 1052 1/0 1052 

0 484 

144 3 

62 0 

29 6 

52 7 

43 0 

20 5 

36 5 

3 

5 

6/0 0937 1/0 0937 

0 445 

119 2 

49 2 

23 5 

46 5 

41 3 

19 7 

39 0 

4 

6 

7/0 0772 1/0 1029 

0 423 

111 4 

39 0 

28 4 

44 0 

35 0 

25 5 

39 7 

4 

6 

6/0 0834 1/0 0834 

0 416 

101 1 

39.0 

18 6 

43.5 

38.6 

18 4 

43 0 

5 

7 

6/0 0743 1/0 0743 

0 379 

82 7 

30 9 

14 8 

37 0 

37 3 

17 9 

44 8 

6 

8 

6/0 0661 1/0 0861 

0 353 

69 7 

24 5 

11 7 

33 5 

35 2 

16 8 

48 0 

7 

9 

6/0 0589 1/0 0589 

0 331 

59 4 

19 4 

9 3 

30 7 

32 6 

15 7 

51 7 

8 

10 

6/0 0525 1/0 0525 

0 310 

51 2 

15 4 

7 4 

28 4 

30 1 

14 5 

55 4 
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142. Dimensions and Weights of Solid and Concentric-stranded, Rubber- 
insulated, Single-conductor, Braided and Leaded Cables 

(General Cable Corp.) 


Tape and braid covered 

Lead sheathed 

000 ft. 

Over-all diam., in. 

Wt., lb. per 1,000 ft. 

Over-all diam., in. 

Wt., lb. per 1 

600 

volts 

2,001- 

3,000 

volts 

4,001- 

5,000 

volts 

600 

volts 

2,001- 

3,000 

volts 

4,001- 

5,000 

volts 

600 

volts 

2,001- 

3,000 

volts 

4,001- 

5,000 

volts 

600 

volts 

2,001- 

3,000 

volts 

4,001- 

5,000 

volts 


Solid 


14 

0.22 



29 



0.25 



135 



12 

0.24 



38 



0.27 



153 



10 

0.26 

0 45 

0.55 

54 

117 

164 

0.32 

0.45 

0.57 

260 

374 

626 

8 

0.32 

0 48 

0 57 

85 

144 

194 

0.38 

0 47 

0.60 

320 

419 

679 

6 

0.36 

0.51 

0.57 

120 

189 

225 

0.45 

0.57 

0.63 

520 

660 

754 

4 







0 51 



620 




Stranded 


14 

0 23 



30 



0.25 



142 



12 

0 25 



40 



0 27 



161 



10 

0 27 



56 



0 32 



274 



8 

0 33 



90 



0 38 



337 



6 

0.38 

0 53 

0.59 

126 

202 

239 

0.47 

0.59 

0.65 

548 

694 

788 

4 

0.45 

0 58 

0.64 

190 

269 

309 

0.52 

0.64 

0.70 

655 

805 

905 

2 

0 51 

0 64 

0.70 

278 

369 

414 

0.58 

0.70 

0.76 

770 

962 

1,064 

1 

0.59 

0.68 

0.74 

364 

442 

483 

0.64 

0.74 

0.80 

931 

1,071 

1,171 

1/0 

0 63 

0.72 

0.80 

443 

520 

588 

0.68 

0.78 

0.87 

1,060 

1,187 

1,504 

2/0 

0.67 

0.76 

0.84 

540 

623 

695 

0.73 

0.82 

0.92 

1,210 

1,332 

1,664 

3/0 

0.73 

0.83 

0.89 

663 

771 

830 

0.78 

0.91 

0.97 

1,370 

1,726 

1,858 

4/0 

0.78 

0.89 

0.95 

814 

932 

994 

0.84 

0.96 

1.03 

1,570 

1,954 

2,089 

250,000 

0.86 

0.97 

1.03 

962 

1,101 

1,169 

0.95 

1.04 

1.11 

2,030 

2,213 

2,353 

300,000 

0.92 



1,139 



1.00 



2,270 



350,000 

0.97 



1,300 



1.06 



2,490 



400,000 

1.02 



1,473 



1.10 



2,720 



500,000 

1.10 

1.21 

1.27 

1,815 

1,990 

2,075 

1.19 

1.31 

1.38 

3,160 

3,692 

3,864 

600,000 

1.21 



2,177 



1.33 



3,980 



700,000 

1.28 



2,512 



1.40 



4,420 



750,000 

1.32 

1.39 

1.45 

2,673 

2,851 

2,948 

1.43 

1.50 

1.56 

4,620 

4,808 

4,994 

800,000 

1.35 



2,848 



1.47 



4,850 



900,000 

1.41 



3,194 



1.53 



5,265 



1,000,000 

1.47 

| 1.54 

1.61 

3,530 

3,703 

3,811 

1.59 

1.65 

1.75 

5,690 

5,867 

6,492 

1,250,000 

1.64 



4,400 



1.79 



6,890 



1,500,000 

1.76 

1.84 

1.90 

5,240 

5,441 

5,570 

1.91 

1.97 

2.04 

7,875 

8,497 

8,727 

1.750,000 

1.88 



6,060 



2.02 



8,890 



2,000,000 

1.98 

2.05 

2.12 

6,890 

7,106 

7,251 

2.13 

2.19 

2.29 

9,850 

10,517 

11,318 


Braid-covered cables operating above 3,500 volts with neutral ungrounded must be shielded or suitably 
protected against corona. 

The above data are approximate and subject to normal manufacturing tolerances. 
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Braid-covered cables operating above 3 500 volts with neutral ungrounded mu«t be shielded or suitably protected against corona. 
The above data are approximate and subject to normal manufacturing tolerances 
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144. Diameters and Weights of Solid and Concentric-stranded, Rubber- 
insulated, Two-conductor, Round-construction, Braided and Leaded 

Cables 

(General Cable Corp.) 




Braid covered 

Lead sheathed 

Size, 


Over-all diam., 

Weight, lb. per 

Over-all diam., 

Weight, lb. pei 

A.w.g. 
01 cir. 

Type 

in. 

1,000 ft. 

in. 

1,000 ft. 

mils 


2,001- 

4,001 

2,001- ! 

4,001- 

2,001- 

4,001- 

2,001- 

4,001- 



3,000 

5,000 

3,000 

5,000 

3,000 

5,000 

3,000 

5,000 



Volts 

volts 

volts 

volts 

volts 

volts 

volts 

volts 

10 

Solid 

0.81 

1.00 

305 

438 

0.89 

1.08 

1,239 

1,587 

8 

Solid 

0.8(» 

1.05 

369 

507 

0.94 

1.13 

1,364 

1,717 

ft 

Solid 

1.00 , 

1.12 

509 

612 

1.07 

1.20 

1,657 

1,900 

ft 

Stranded 

1.05 

1.16 

548 

653 

J .12 

1.27 

1,744 

2,296 

4 

Stranded 

1.13 

3.20 

708 

828 

1.24 

1.37 

2,311 

2,605 

2 

Stranded 

1.25 

1.38 

951 

1,080 

1.36 

1.49 

2,721 

3,024 

I 

Stranded 

1.33 

1.4ft 

1,120 

1,246 

1.44 

1.57 

3,001 

3,301 

1/0 

Stranded 

1.42 

1.54 

1,306 

1,447 

1.52 

1.65 

3,301 

3,615 

2/0 

Stranded 

1.51 

1.63 

1,550 

1,701 

1.63 

1.77 

3,671 

4,422 

3/0 

Stranded 

1.61 

1.74 

1,847 

2,014 

1.75 

1.87 

4,534 

4,906 

4/0 

Stranded 

1.73 

1.85 

2,222 

2,394 

1.87 

1.99 

i 5,098 

5,474 

250,000 

Stranded 

1.88 

2.01 

2,622 

2,811 

2.02 

2.15 

5,755 

6,148 

350,000 

Stranded 

2.10 

2.22 

3,440 

3,648 

2.27 

2.40 

7,468 

7,880 

500,000 

Stranded 

2.3ft 

2.40 

4,648 

4,885 

2.54 

2.67 

9,330 

9,790 

i_ 


Braid-covered cablet* operating above .3,500 volts with neutral ungrounded must be 
shielded or suitably protected against corona. 

The above data are approximate and subject to normal manufacturing tolerances. 
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145. Diameters and Weights of Solid and Concentric-stranded, Rubber- 
insulated, Three-conductor, Braided and Leaded Cables 

(General Cable Corp.) 




Braid eoveied 

Lead sheathed 

Si see. 


Over-all diam.. 

Weight, lb. pel 

Ovei-all diam., 

Weight, 

lb. per 

A.w.g. 
or cir. 

Type 

ii 

i. 

1,000 ft. 

it 

i. 

1,000 ft. 

mils 


2,001 

4,001 - 

2,001- 

4,001 

2,001- 

4,001 

2,001- 

4,001 



3,000 

5,000 

3,000 

5,000 

3,000 

5,000 

3,000 

5,000 



volts 

volts 

volts 

volts 

volts 

volts 

volts 

volts 

10 

Solid 

0 87 

1 .07 

301 

558 

0.94 

1.14 

1,387 

1,785 

8 

Solid 

0 02 

1 12 

480 

057 

1.00 

1.20 

l, 540 

1 ,949 

ti 

Solid 

1 00 

1 20 

073 

803 

1.14 

1 .30 

1,892 

2,491 

(i 

Stianded 

1.11 

1 24 

722 

850 

1.18 

1 .35 

1,990 

2,008 

4 

St randed 

1.21 

1 35 

945 

1 ,090 

1.32 

'• 46 

2,054 

2,994 

21 

Stianded 

1.34 

1.48 

1,280 

1 ,440 

1.45 

1.58 

3.170 

3,522 

1 

Stranded 

1.43 

1.50 

1 ,517 

1,070 

1.53 

1.07 

3,520 

3,872 

1/0 

St i anded 

1.51 

1.05 

1,779 

1 ,903 

1.02 

1.79 

3,909 

4,713 

2/0 

Stranded 

1.61 

1.75 

2,119 

2,317 

1.75 

1.89 

4,808 

5,227 

3/0 

Stranded 

1.72 

1.80 

2,543 

2,750 

1.80 

2.00 

5,414 

5,848 

4/0 

Stranded 

1.85 

1.98 

3,071 

3,295 

1.99 

2.12 

0,144 

0,591 

250,000 

Stranded 

2 01 

2.15 

3,027 

3.870 

2.15 

1 2.32 

0,975 

8,003 

350,000 

Stranded 

2.24 

2.38 

4,793 

5,003 

2.41 

2.55 

9,090 

9,618 

500,000 

j Stranded 

2.53 

2.00 

6,510 

0,810 

2.70 

2.83 

11,355 

11,913 


Braid-covered cables operating above 3,500 volts with neutial ungrounded must be 
shielded or suitably protected against corona. 

The above data are approximate and subject to normal manufacturing tolerances. 





Braided and Leaded Cables 

(General Cable Corp.) 
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(Continued on page 218) 



























146. Diameters and Weights of Solid and Concentric-stranded, Varnished-cambric-insulated, Single-con¬ 
ductor, Braided and Leaded Cables ( Continued) 

Braided cables Lead-sheathed cables 

Over-all diam., in. I Weight, lb. per 1,000 ft. Over-all diam.. in. I Weight, lb. per 1,000 ft. 
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The above data are approximate and subject to normal manufacturing tolerances. 

B For ungrounded-neutral service, heavier insulation walls are required. See Tables 116 to 119. 
h Weights and diameters are for cables with tape and braid; other braided cables have single braid only. 
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147. Diameters and Weights of Solid and Concentric-stranded, 
Varnished-cambric-insulated, Three-conductor, 600-volt, 
Braided and Leaded Cables 

(General ('able Gorp.) 



Taped and biaided (alibi 

Lead-sheathed cables 

Si/e, A w g or 





| 




(ir mils 

Ovei-ali Weight, lb 

bheath 

Over-all 

Weight, lb. 


diam , m per 1 000 ft 

thickness, m 

diam , in 

i 

per 1,000 ft. 


Solid 


14 

0 

420 

103 

<hu 

0 

449 

390 

12 

0 

456 

131 

Ha 

0 

485 

445 

10 

0 

501 

187 

Ha 

0 

562 

663 

8 

0 

557 

257 

Ha 

0 

618 

788 

6 

0 

007 

395 

Ha 

0 

757 

1,066 


Stranded 


6 

0 742 

412 

Ha 

0 803 

1,128 

1 

0 848 

598 

Ha 

0 939 

1,641 

2 

0 997 

899 

Ha 

1 068 

2,076 

1 

1 164 

1 172 

Ha 

1 252 

2,825 

1/0 

1 252 

1 441 

Ha 

l 340 

3,202 

2/0 

1 351 

1 756 

Ha 

1 439 

3,661 

3/0 

1 461 

2 146 

Ha 

1 549 

4,204 

4/0 

1 586 

2 630 

Ha 

1 674 

4,868 

250 000 

1 755 

3,149 

Ha 

1 873 

6,087 

300,000 

1 874 

3 708 

Ha 

1 992 

6,847 

350,000 

1 986 

4,258 

Ha 

2 104 

7,584 

400,000 

2 084 

4 796 

7 64 

2 202 

8,289 

450 000 

2 205 

5 356 

*64 

2 340 

9,566 

500,000 

2 284 

5 916 

«h4 

2 419 

10,292 

550,000' 

2 436 

6 617 

*04 

2 571 

11,260 

600,000' 

2 517 

7 169 

Ha 

2 652 

11,979 

700,000" 

2 698 

8,289 

Ha 

2 833 

13,444 

750,000" 

2 745 

8,817 

Ha 

2 880 

14,061 

1,000,000' 

3 074 

11,478 

Ha 

3 209 

17,349 


The above data are approximate and subject to normal manufacturing tolerances. 
° These cables are belted; all others are nonbelted. 





148. Data for Solid and Concentric-stranded, Vamished-cambric-insulated, Two- and Three-conductor, Braided 

and Leaded, 2,000- to 8,000-Volt Cable 

(General Cable Corp ) 
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Three conductor cable** 

Lead sheathed 

Weight 
lb per 
1,000 ft 

925 
1 058 
1 466 
1 542 

1 865 

2 313 

3 112 
3 494 

3 963 

4 518 

5 647 

6 248 
10 540 
14 186 
17 483 

| 1 500 

1 708 
1 801 

2 127 
2 920 

i_ 

Over-all 

diam 

m 

0 743 

0 800 

0 903 

0 948 

1 053 

1 182 

1 369 

1 457 

1 556 

1 666 

1 820 

1 922 

2 482 

2 911 

3 240 

0 960 

1 034 

1 080 

1 185 

1 346 

1 

Sheath 
thick 
jness in 

’*^*■<*1* •<***■«#* tt t* 

NlDNtCNtC to 10 NIC <0 10 <C <0 lO NSC ION® tO 

t(f *5 *5 lff» J t-\t-\oo oo\oo 

■* ■* ■* * 

NtONtONtONJC tO 

*iN 

Braid co\ered 1 

i 

i 

Over-all, W eight j 
diam lb per 

in ' 1 000 ft j 

© -t* © © © c\| X X © X © £> © 

MNNOH <N ^ © X © 

m CO © CO O © CO WNOOO 1 © 

hhhhn !M CO© X —< 

NiQCOCh 

SfeSS*: 

0 683 

0 739 

0 812 

0 857 

0 982 

1 

1 141“ 

| 1 296“ 

1 384“ 

1 483“ 

1 593“ 

1 717“ 

1 818“ 

2 347“ 

2 776“ 

3 105“ 

0 889 

0 962 

1 008 

1 143“ 

1 272“ 

l 

3 

cd 

C3 

u 

o 

o 

-5 

c 

o 

l 

* 

H 

"X) 

a 

XI 

?* 
a> 
x : 

in 

-c 

« 

C/ 

W eight 
lb per 

1 000 ft 

78b 
900 
1 054 
1 311 

1 585 

I 

1 966 

2 645 

2 970 

3 369 

3 840 

4 413 

5 311 
8,959 

12 058 
14 860 

in N © X <N 
MOTOOOO 
N^iOOO^ 

HHHHN 

0\er all 
diam 
in 

0 704 

0 756 

0 825 

0 897 

0 995 

1 115 

1 291 

1 373 

1 465 

1 o67 

1 683 

1 807 

2 332 

2 733 

3 039 

0 913 

0 981 

1 023 

1 121 

1 273 

Sheath 
thick¬ 
ness in 

■*«*■*■*«* tt ■* t* * * -+«*■*•*■* 

\« e e « e to tc to to to to to to tc to 

’i' ’t' -C “) m m to to to to to t-\oe on « 

H* * * 

(D (C ID ID lO 

1C m »fl to 

Braid covered 

W eight 
lb per 

1 000 ft 

© tO CO 05 *0 (N»(NCO) © X OJ © ■* 

t- X © <N»r>CO<N^< lOOUOO^ 

<NejC0CO>O X © <N *0 X NiOMhIN 

hhhh NINrCSa 

ttf< © (N -t 

© © X © CO 

CO tattoo- 

* g 

fc § £ 

O' 5 

© -t* © -tt* ««** ao © <n 
'fO'too'N r-i©CT>Cd© 

© © c- x © ©(mcooo^ ©i^^hio© 

©©©©© HHHrHH -H ,~l <M <N CS 

0 822 

0 910 

0 952 

1 050 

1 200“ 

izi 

-f Jo C 

«3 S3 

1 

Belt, 

in 

«+ -# t* t# -4 * tt t|t t* *}t 

tO to to tO tO tf to to to to to tc\to to 

et <n ot e* el N ft M M ft N N ct (0 n 

t* tt h* tjt 

Con¬ 

ductor 

in 

* * * <« H< '* + **'* 

<0 tc to tON «0 « 0 \J© to tO\jO tC\«D\{D <0 <0 

O C « Ifl\ « (C O ID (0 (D O ID ID 

t # H 1 H< H* 

ONfO to tO\tO 

to to to to to 

Conductor 


4. 

c. 

H 

Solid 

Solid 

Solid 

Stranded 

Stranded 

Stranded , 

Stranded 

Stranded 

Stranded 

Stranded 

Strandtd 

Stranded 

Stranded 

Stranded 

Stranded 

Solid 

Solid 

Stranded 

Stranded 

Stranded 

Size, 

Aitg or 
cir mils 

1 

© X 50 © Tt* CN t-( © ©^ © © OOO 

HNM ^OOOO 

oooo 

©©iO© 
ei or-© 

X© © t* rv* 

Rated 
voltage 
phase to 
phase 

2 001-3 000 
(grounded 
or 

ungrounded) 

4,001-5 000 
(grounded 
or 

ungrounded) 


148. Data for Solid and Concentric-stranded, Varnished-cambric-insulated, Two- and Three-conductor, Braided 

and Leaded, 2,000- to 8,000-Volt Cable ( Continued) 
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149. Diameters of Compack-stranded, Round, Solid-type, 
Paper-insulated, Single-conductor Leaded Cables 

(General Cable Corp 1 


Over-all diameters, in , for cables of designated phase-to-phase voltage ratings 


Size, A w g or 
cir mils 

0-1,000 volts, 
grounded or 
ungrounded 

2 001-3,000 volts, 
grounded or 
ungrounded 

4 001-5,000 volts, 
grounded or 
ungrounded 

7 001-8,000 volts, 
grounded 

7 001-8 000 Aolts, 
ungrounded 

14 001-15 000 
volts, grounded 

14,001-15,000 
volts, ungrounded 

22 001-23,000 
volts, grounded 

22 001-23 000 
volts, ungrounded 

34,001-35 000 
volts grounded 

34,001-35,000 
volts, ungrounded 

45,001-46,000 
volts, grounded 

68,001-69,000 
volts, grounded 

1 

0 

610 

0 

641 

0 673 

0 781 

0 813 

0 900 

1 000 

1 031 

1 205 





1/0 

0 

647 

0 

678 

0 710 

0 818 

0 850 

0 943 

1 037 

1 008 

1 242 

1 304 

1 538 



2/0 

0 

688 

0 

710 

0 741 

0 850 

0 891 

0 084 

1 095 

1 126 

1 283 

1 345 

1 579 



3/0 

0 

734 

0 

780 

0 812 

0 905 

0 917 

1 030 

1 141 

1 172 

1 329 

1 406 

1 625 

l 504 


4/0 

0 

802 

0 

832 

0 864 

0 057 

0 980 

1 000 

: 

1 103 

i 

1 224 

1 381 

1 458 

1 677 

1 b45 


250,000 

0 

847 

0 

877 

0 900 

1 002 

1 034 

1 143 

1 238 

1 260 

1 441 

1 503 

1 738 

1 691 


300,000 

0 

807 

0 

927 

0 059 

1 052 

1 101 

1 104 

1 288 

1 319 

1 401 

1 553 

1 789 

l 758 


350,000 

0 

943 

0 

073 

1 005 

1 115 

1 147 

1 240 

1 334 

1 365 

1 537 

1 500 

1 834 

1 803 

2 257 

400,000 

0 

986 

1 

016 

1 048 

1 15S 

1 100 

1 283 

1 377 

1 423 

1 580 

1 642 

1 877 

1 846 

2 318 

500,000 

1 

064 

1 

111 

1 143 

1 236 

1 2b8 

1 361 

1 470 

1 501 

1 658 

1 73b 

1 954 

1 923 

2 194 

600,000 

1 

187 

1 

210 

1 219 

1 112 

1 344 

1 452 

1 546 

1 577 

1 750 

1 812 

2 046 

2 000 

2 490 

750,000 

1 

282 

1 

314 

1 114 

1 422 

1 454 

1 547 

1 641 

1 672 

1 845 

1 907 

2 141 

2 110 

|2 583 

1,000,000 

1 

436 

1 

460 

1 460 

1 562 

l 594 

1 687 

1 707 

1 828 

1 985 

2 062 

2 281 

2 250 

2 719 


The above data are approximate and subject to normal manufacturing tolerances 
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150. Weights of Compack-stranded, Round, Solid-type, 
Paper-insulated, Single-conductor, Leaded Cables 

(General Cable Corp.) 


Weight, lb. per 1,000 ft. for cables of designated phase-to-phase voltage ratings 


s 

41 

0-1,000 volts, 
grounded or 
ungrounded 

2,001-3,000 volts, 
grounded or 
ungrounded 

4,001-5,000 volts, 
grounded or 
ungrounded 

7,001-8,000 volts, 
grounded 

7,001-8,000 volts, 
ungrounded 

14,001-15,000 
volts, grounded 

14,001-15,000 
volts, ungrounded 

■s 

rii 

§4 

8 * 

■s 

-o 

a 

II 

I| 

8"- 

34,001-35,000 
volts, grounded 

34,001-35,000 
volts, ungrounded 

45,001-46,000 
volts, grounded 

68,001-69,000 
volts, grounded 

l 

910 

960 

1,016 

1,279 

1,342 

1,508 

1,703 

1,768 

2,276 





1/0 

1,029 

1,082 

1,137 

1,409 

1,473 

1,638 

1,841 

1,907 

2,426 

2,580 

3,339 



2/0 

1,168 

1,222 

1,279 

1,543 

1,608 

1,801 

2,143 

2,217 

2,603 

2,763 

3,536 



3/0 

1,337 

1,496 

1,558 

1,726 

1,791 

1,989 

2,346 

2,421 

2,814 

3,156 

3,768 

3,676 


4/0 

1,648 

1,712 

1,755 

1,945 

2,013 

2,358 

2,586 

2,662 

3,069 

3,395 

4,039 

3,946 


250,000 

1,806 

1,873 

1,934 

2,131 

2,202 

2,558 

2,791 

2,866 

3,441 

3,610 

4,493 

4,174 


300,000 

2,033 

2,098 

2,166 

2,368 

2,582 

2,807 

3,043 

3,123 

3,712 

3,890 

4,791 

4,688 


350,000 

2,256 

2,321 

2,390 

2,741 

2,817 

3,047 

3,288 

3,374 

3,975 

4,158 

5,066 

4,963 

6,845 

400,000 

2,468 

2,536 

2,503 

2,968 

3,043 

3,281 

3,527 

3,772 

4,225 

4,410 

5,338 

5,234 

7,227 

500,000 

2,875 

3,104 

3,178 

3,410 

3,490 

3,734 

4,153 

4,245 

4,712 

5,125 

5,858 

5,749 

7,964 

600,000 

3,524 

3,599 

3,599 

3,838 

3,922 

4,340 

4,611 

4,703 

5,407 

5,610 

6,624 

6,254 

8,669 

750,000 

4,131 

4,203 

4,203 

4,625 

4,715 

4,986 

5,267 

5,361 

6,098 

6,306 

7,360 

7,242 

9,486 

1,000,000 

5,279 

5,368 

5,368 

5,642 

5,740 

6,022 

6,552 

6,656 

7,199 

7,684 

8,524 

8,402 

11,137 


The above data are approximate and subject to normal manufacturing tolerances. 
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151. Diameters of Solid and Concentric-stranded, Solid-type, 
Paper-insulated, Single-conductor Leaded Cables 

(General Cable Corp.) 


Over-all diameters, in., for cables of designated phase-to-phase voltage ratings 


Size, A.w.g. or 
cir. mils 

0-1,000 volts, 
grounded or 
ungrounded 

2,001-3,000 volts, 
grounded or 
ungrounded 

4,001-5,000 volts, 
grounded or 
ungrounded 

7,001-8,000 volts, 
grounded 

7.001-8,000 volts, 
ungrounded 

14,001-15,000 
volts, grounded 

14,001-15,000 
volts, ungrounded 

22,001-23,000 
volts, grounded 

22,001-23,000 
volts, ungrounded 

34.001-35,000 
volts, grounded 

34,001-35,000 
volts, ungrounded 

45,001-46,000 
volts, grounded 

68,001-69,000 
volts, grounded 

8 

0 435 

0 464 

0 494 











6 

0 471 

0 500 

0 531 

0 651 

0 683 

0 791 

0 885 







4 

0 543 

0 574 

0 606 

0 699 

0 731 

0 839 

0 933 







2 

0 603 

0 634 

0 666 

0 774 

0 806 

0 899 

0 993 

1 024 

1 198 





1 

0 644 

0 675 

0 707 

0 816 

0 848 

0 941 

1 035 

1 066 

1 238 





1 0 

0 685 

0 761 

0 748 

0 857 

0 889 

0 982 

1 091 

1 122 

1 279 

1 341 

1 576 



2/0 

0 731 

0 778 

0 810 

0 903 

0 935 

1 028 

1 137 

1 168 

1 325 

1 387 

1 622 



3/0 

0 798 

0 829 

0 861 

0 969 

1 001 

1 094 

1 188 

1 219 

1 376 

1 454 

1 673 

1 642 


4/0 

0 856 

0 887 

0 919 

1 012 

1 044 

1 152 

1 246 

1 277 

1 450 

1 512 

1 74b 

1 699 


250,000 

0 903 

0 934 

0 966 

1 059 

1 10b 

1 198 

1 293 

1 324 

1 497 

1 559 

1 793 

1 762 


300,000 

0 958 

0 989 

1 021 

1 129 

1 161 

1 254 

1 348 

1 379 

1 552 

1 614 

1 849 

1 818 


350,000 

1 009 

1 040 

1 072 

1 180 

1 212 

1 305 

1 415 

1 446 

1 603 

1 665 

1 899 

1 868 

2 321 

400,000 

1 05b 

1 102 

1 134 

1 227 

1 259 

1 352 

1 4b2 

1 493 

1 650 

1 727 

1 946 

1 915 

2 383 

500,000 

1 157 

1 188 

1 220 

1 313 

1 345 

1 454 

1 548 

1 579 

1 751 

1 813 

2 047 

2 000 

2 468 

600,000 

1 267 

1 299 

1 299 

1 408 

1 440 

1 533 

1 627 

1 658 

1 830 

1 892 

2 127 

2 096 

2 549 

750,000 

1 372 

1 420 

1 420 

1 513 

1 545 

1 638 

1 747 

1 778 

1 935 

1 997 

2 232 

2 201 

2 669 

1,000,000 

1 542 

1 574 

1 574 

1 667 

1 699 

1 807 

1 901 

1 932 

2 105 

2 167 

2 401 

2 370 

2 823 

1,250,000 

1 726 

1 757 

1 757 

1 819 

1 851 

1 944 

2 053 

2 084 

2 241 

2 303 

2 538 

2 507 

2 960 

1,500,000 

1 849 

1 880 

1 880 

1 942 

l 974 

2 082 

2 176 

2 207 

2 380 

2 442 

2 676 

2 630 

3 100 

1,750,000 

1 962 

1 993 

1 993 

2 070 

2 094 

2 195 

2 289 

2 320 

2 493 

2 555 

2 789 

2 758 

3 213 

2,000,000 

2 084 

2 115 

2 115 

2 177 

2 209 

2 302 

2 412 

2 443 

2 600 

2 677 

2 896 

2 865 

3 321 


The above data are approximate and subject to normal manufacturing tolerances. 
Sixes Nos. 8 and 6 are solid round. All other sizes are concentric, round stranded. 
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152. Weights of Solid and Concentric-stranded, Solid-type, 
Paper-insulated, Single-conductor Leaded Cables 

(General Cable Corp.) 


Weight, lb., per 1,000 ft., for cables of designated phase-to-phase voltage ratings 


Size, A.w.g. or 
cir. mils 

0-1,000 volts, 
grounded or 
ungrounded 

2,001-3,000 volts, 
grounded or 
ungrounded 

4,001-5,000 volts, 
grounded or 
ungrounded 

7,001-8,000 volts, 
grounded 

7,001-8,000 volts, 
ungrounded 

14,001-15,000 
volts, grounded 

14,001-15,000 
volts, ungrounded 

22,001-23,000 
volts, grounded 

22,001-23,000 
volts, ungrounded 

34,001-35,000 
volts, grounded 

34.001-35.000 
volts, ungrounded 

45,001-46,000 
volts, grounded 

1 

11 

H 

8 

478 

517 

564 






' 





6 

550 

594 

644 

833 

890 

1,155 

1,347 







4 

690 

741 

793 

954 

1,011 

1,288 

1,471 







2 

848 

901 

955 

1,217 

1,281 

1,471 

1,659 

1,728 

2,239 





1 

955 

1,009 

1,066 

1,337 

1,402 

• 

1,586 

1,790 

1,859 

2,383 





i/o ; 

1,080 

1,135 

1,192 

1,472 

1,539 

1,722 

2,069 

2,143 

2,540 

2,701 

3,502 



2/0 

1,226 

1,378 

1,442 

1,622 

1,690 

1,892 

2,244 

2,321 

2,725 

2,892 

3,709 



3/0 | 

1,501 

1,462 

1,629 

1,813 

1,881 

2,224 

2,456 

2,535 

2,946 

3,295 

3,950 

3,855 


4/0 

1,721 

1,679 

1,843 

2,042 

2,114 

2,468 

2,707 

2,786 

3,387 

3,560 

4,448 

4,137 


250,000 

1,898 

1,965 

2,032 

2,237 

2,449 

2,677 

2,921 

2,999 

3,608 

3,784 

4,699 

4,590 


300,000 

2,135 

2,202 

2,273 

2,623 

2,701 

2,937 

3,184 

3,267 

3,891 

4,077 

5,009 

4,902 


350,000 

2,366 

2,434 

2,506 

2,867 

2,947 

3,188 

3,613 

3,529 

4,165 

4,357 

5,296 

5,189 

7,095 

400,000 

2,588 

2,794 

2,871 

3,104 

3,187 

3,432 

3,868 

3,952 

4,426 

4,832 

5,580 

5,472 

7,683 

500,000 

3,164 

3,243 

3,323 

3,566 

3,650 

4,082 

4,350 

4,446 

5,149 

5,357 

6,372 

6,009 

8,284 

600,000 

3,679 

3,764 

3,764 

4,185 

4,277 

4,545 

4,828 

4,924 

5,651 

5,863 

6,911 

6,792 

8,981 

750,000 

4,315 

4,575 

4,575 

4,841 

4,935 

5,219 

5,728 

5,830 

6,372 

6,590 

7,678 

7,555 

10,000 

1,000,000 

5,521 

5,618 

5,618 

5,902 

6,005 

6,521 

6,845 

6,953 

7,520 

8,015 

9,182 

9,051 

11,315 

1,250,000 

6,836 

6,949 

6,949 

7,156 

7,266 

7,591 

8,175 

8,294 

8,903 

9,150 

10,348 

10,230 

12,592 

1,500,000 

7,851 

7,959 

7,959 

8,175 

8,289 

8,879 

9,239 

9,360 

10,278 

10,542 

11,821 

11,349 

14,437 

1,750,000 

8,838 

8,950 

8,950 

9,427 

9,516 

9,907 

10,280 

10,405 

11,355 

11,608 

12,949 

12,799 

15,667 

2,000,000 

10,070 

10,187 

10,187 

10,427 

10,552 

10,923 

11,598 

11,730 

12,398 

13,009 

14,051 

13,900 

17,657 


The above data are approximate and subject to normal manufacturing tolerances. 
Size Nos. 8 and 6 are solid round. All other sizes are concentric, round stranded. 




153. Diameters and Weights of Annular, Concentric-stranded, Rope-core, and Compack Segmental-stranded, 
Solid-type, Paper-insulated, Single-conductor Leaded Cables 

(General Cable Corp.) 


226 


AMERICAN ELECTRICIANS’ HANDBOOK 


[Div. 2 



The above data are approximate and subject to normal manufacturing tolerances. 
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The above data are approximate and subject to normal manufacturing tolerances. 

Sixes Nos. 8 and 6 are solid round. Sizes Nos. 4 and 2 are concentric, round stranded. Size No. 1 is compack, round stranded. Sizes 1/0 
to 750,000 cir. mils, are compack sector stranded. 







228 AMERICAN ELECTRICIANS' HANDBOOK [Div. 2 

155. Diameters and Weights of Three-conductor, Solid-type, 
Paper-insulated, Type H Shielded and Leaded Cables 

(General Cable Corp.) 


Diameters and weights for designated phase-to-phase voltage ratings 



14,001 

14,001 

22,001 

22,001- 

34,001 


15,000 volts, 

15,000 volts, 

23,000 volts, 

23,000 volts, 

35,000 volts, 

Size, A.w.g. 

grounded 

ungiounded 

gl Oil 

nded 

ungi ounded 

grounded 

or cir. mils 












Over- 

Wt., 

Over- 

Wt., 

Ovei - 

Wt., 

Over- 

Wt., 

Over- 

Wt., 


all 

lb. per 

all 

lb. per 

all 

lb. per 

all 

lh. per 

all 

lb. per 


diam., 

1,000 

diam., 

1,000 

diam., 

1,000 

diam., 

1,000 

diam., 

1,000 


in. 

ft. 

in. 

ft. 

in. 

ft. 

in. 

ft. 

in. 

ft. 

6 

1.563 

3,405 

1.700 

4,203 







4 

1.663 

3,961 

1.890 

4,765 







2 

1.820 

4,670 

2.045 

5,570 

2.114 

5,813 

2.480 

7,590 



1 

1.850 

4,930 

2.064 

5,834 

2.134 

6,095 

2.500 

7,840 



1/0 

1.790 

5,035 

1.990 

5,690 

2.220 

6,556 

2.580 

8,220 

2.729 

9,158 

2/0 

1.880 

5,540 

2.104 

6,461 

2.174 

6,712 

2.530 

8,330 

2.815 

9,776 

3/0 

1.970 

6,125 

2.194 

7,102 

2.204 

7,353 

2.630 

9,005 

2.917 

10,510 

4/0 

2.074 

7,077 

2.284 

7,826 

2.370 

8,400 

2.735 

10,155 

2.865 

10,752 

250,000 

2.154 

7,648 

2.370 

8,770 

2.440 

9,050 

2.805 

10,878 

2.945 

11,495 

300,000 

2.244 

8,404 

2.470 

i 

9,515 

2.530 

9,800 

2.895 

11,623 

3.050 

12,610 

350,000 

2.314 

9,109 

2.540 

10,300 

2.610 

10,600 

2.991 

12,845 

3.120 

13,470 

400,000 

2.420 

10,150 

2.630 

11,050 

2.705 

11,707 

3.070 

13,640 

3.210 

14,270 

500,000 

2.570 

11,600 

2.795 

12,892 

2.855 

13,221 

3.220 

15,210 

3.392 

16,728 

600,000 

2.705 

13,318 

2.914 

14,244 

3.000 

14,970 

3.382 

17,556 

3.520 

17,190 

700,000 

2.835 

14,767 

3.060 

16,080 

3.130 

16,430 

3.500 

19,000 

3.655 

20,229 

750,000 

2.884 

15,361 

3.110 

10,750 

3.180 

17,100 

3.560 

19,730 

3.715 

20,978 


The above data are approximate ami subject to normal manufacturing tolerances. 
Sizes Nos. 6, 4, and 2 are concent!ic, round stranded. Size No. 1 for 15,000-volt cable 
is compack, round stranded. Sizes Nos. 1 and 1/0 for 23,000- and 35,000-volt cables aie 
compack, round stranded. All other cables are compack, sector stranded. 





Div. 2] PROPERTIES AND SPLICING OF CONDUCTORS 229 


156. Diameters and Weights of Three-conductor, Compack, 
Sector-stranded, Oil-filled, Paper-insulated, Shielded and Leaded 

Cables 

(General Cable Oorp) 


Diameterb and weights foi designated phasc-to-phase 

voltage ratings 

23,000 volts, 

34,500 volts, 

46,000 volts, 

69,000 volts, 

gi ounded 

gi ounded 

grounded 

grounded 

Ove.-ull VW ‘ ghl ' 

Weight, 

Ovei-all 

Over-all 

Over-all ^ V,g 


8,385 

2.25 

9,183 

9,082 

2.32 

9,902 

9,729 

2.41 

10,862 

10,410 

2.48 

11,548 

12,744 

2.59 

12,901 

13,106 

2.70 

14,333 

13,742 

2.75 

14,989 

14,382 

2.80 

15,663 


250,000 

300,000 

350,000 

400,000 

450,000 

500,000 

000,000 

650,000 

700,000 

750,000 


The above data are approximate and subject to normal manufacturing tolerances. 
a Conductors are of compack, round construction. 
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167. Diameters and Weights of Oil-filled, Paper-insulated, 
Single-conductor, Concentric-stranded, Hollow-core Cable 

(General Cable Corp.) 


Rated volt¬ 
age, phase 
to phase 

Size, A.w.g. 
or cir. mils 

Over-all diam., in. 

Weight, lb. per 1,000 ft. 

Core i.d. 

» 0.50 in. 

Core i.d. 

= 0.69 in. 

Core i.d. ' 
=* 0.50 in. 

Core i.d. 

* 0.69 in. 

69,000 

2/0 

1.59 


4,201 


(grounded) 

3/0 

1.62 

i .79 

4,388 

5,076 


4/0 

1.66 

1.82 

4,612 

5,290 


250.000 

1.69 

1.85 

4,801 

5,471 


300,000 

1.75 

1.89 

5,272 

5,721 


350,000 

1.78 

1.91 

5,508 

5,958 


400,000 

1.82 

1.95 

5,761 

6,271 


450,000 

1.86 

1.98 

5,998 

6,670 


500,000 

1.90 

2.01 

, 6,234 

7,047 


000,000 

1.95 

2.09 

6,663 

7,364 


050,000 

1.99 

2.11 

1 6,918 

7,589 


700,000 

2.02 

2.14 

i 7,155 

7,807 


750,000 

2.06 

1 2.17 

1 7,642 i 

8,039 


800.000 

2.10 

2.19 

7,868 

8,245 


850,000 

2. 13 

2.23 

8,104 

8,481 


900,000 

2.15 

2.25 

8,346 

8,700 


1,000,000 

2.19 

2.30 

8,778 

9,131 


1,250,000 

2.32 

2.43 

9,872 

10,527 


1,500,000 

2.45 

2.54 

11,060 

11.319 


1,750,000 

2.55 

2.63 

12,121 

12,381 


2,000,000 

2.66 

2.75 

13,141 

13,747 

116,000 

4/0 

2.00 

2.17 

6,342 

6,557 

(grounded) 

250,000 

2.03 

2.20 

6,643 

6,740 


300.000 

2.09 

2.23 

6,794 

7,019 


350,000 

2.13 

2.26 

7,113 

7,329 


400,000 

2.17 

2.30 

7,333 

7,506 


450.000 

2.20 

2.33 

7,423 

7,716 


500,000 

2.24 

2.37 

7,667 

8,244 


600,000 

2.30 

2.44 

8,133 

8,729 


650,000 

2.34 

2.46 

8,365 

8,966 


700,000 

2.38 

2.49 

8,896 

9,204 


750,000 

2.41 

2.52 

9,131 

9,443 


800,000 

2.44 

2.54 

9,360 

9,680 


850,000 

2.47 

2.57 

9,598 

9,810 


900,000 

2.49 

2.60 

i 9,837 

10,160 


1,000,000 

2.54 

2.65 

10,277 

10,589 


1,250,000 

2,66 

2.78 

11,426 

12,086 


' 1,500,000 

2.79 | 

2.88 

12,707 

13.017 


1.750,000 

2.90 

2.98 

13,778 

11,090 


2,000,000 

3.02 

3.10 

15,243 

15,510 

1.S8.000 

4/0 

2.18 

2 32 

6,686 

7,231 

(grounded) 

250,000 

2.21 

5! 37 

6,821 

7.674 


300,000 

2.25 

2.41 

7.239 

8,059 


350,000 

2.29 

2 44 

7,514 

8,334 


400,000 

2.33 

2.47 

7,750 

8,541 


450,000 

2.38 

2.50 

8,171 

8,765 


500,000 

2.42 

2.53 

8,436 

8,963 


600,000 

2.47 

2.60 

8,908 

9,403 


650,000 

2.51 

2.62 

9,146 

9,643 


700,000 

2.54 

2.64 

9,665 

10,128 


Above data are approximate and subject to normal manufacturing tolerances. 
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157. Diameters and Weights of Oil-filled, Paper-insulated, Single-con¬ 
ductor, Concentric-stranded, Hollow-core Cable ( Continued ) 


Rated volt¬ 
age, phase 
to phase 

Size, A.w.g. 
or cir. mils 

Over-all diam., in. 

Weight, lb. per 1,000 ft. 

Core i.d. 

=» 0.50 in. 

Core i.d. 

** 0.69 in. 

Core i.d. 

«* 0.50 in. 

Core i.d. 

« 0.69 in. 


750,000 

2.57 

2.69 

9,919 

10,717 


800,000 

2.60 

2.71 

10,168 

10,941 


850,000 

2.63 

2.75 

10,418 

11,205 


900,000 

2.65 

2.77 

10,682 

11,441 


1,000,000 

2.72 

2.82 

11,492 

11,918 


1,250,000 

2.84 

2.94 

12,688 

13,105 


1,500,000 

2.95 

3.06 

13,531 

14,580 


1,750,000 

3.07 

3. 15 

15,028 

15,492 


2,000,000 

3.18 

3.20 

16,061 

16,557 

1(11,000 

250,000 

2.41 

2.55 

7,948 

8,512 

(grounded) 

300,000 

2.45 

2.59 

8,234 

8,790 


350,000 

2.49 

2.62 

8,495 

9,047 


400,000 

2.52 

2.65 

8,775 

9,293 


450,000 

2.56 

2.70 

9,037 

9,890 


500,000 

2.60 

2.73 

9,293 

10,136 


000,000 

2.05 

2.79 

9,807 

10,630 


650,000 

2.71 

2.81 

10,385 

10,871 


700,000 

2.74 

2.84 

10,631 

11,225 


750,000 

2.76 

2.87 

10,880 

11,361 


800,000 

2.80 

2.90 

11,130 

11,582 


850,000 

2.83 

2.93 

11,383 

11,840 


900,000 

2.85 

2.95 

11,644 

12,300 


1,000,000 

2.90 

3.02 

12,111 

13,175 


1,250,000 

3.04 

3.13 

13,878 

14,076 


1,500,000 

3.15 

3.24 

14,787 

15,155 


1,750,000 

3.25 

3.35 

15,929 

16,704 


2,000,000 

3.38 

3.45 

17,459 

17,802 

230,000 

600,000 


3.38 


14,167 

(grounded) 

1,000,000 


3.59 


16,335 


2,000,000 


3.83 

l 


21,342 


Above data are approximate and subject to normal manufacturing tolerances. 
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168. Diameters and Weights of All-asbestos-insulated, Single-conductor 

Cable 

(Rockbestos Products Corp.) 



Stranded 600-volt power cable 

Solid 600-volt 

ilicostat wire 

Size, A.w.g. or 





cir. mils 

Nominal 
finished diarn.," 
in. 

Approx, weigh!, 
lb. per 1,000 ft. 

Nominal 
finished diarn.," 
in. 

Approx, weight, 
lb. per 1,000 ft. 

1,000.000 

1.485 

3,456 



050,000 

1.455 

3,291 



900,000 

1.425 

3.126 



850,000 

1.395 

2,961 



800,000 

1.365 

2,796 



750,000 

1.330 

2,631 



700,000 

1.295 

2,470 



650,000 

1.260 

2,307 



600,000 

1.225 

2,142 



550,000 

1.185 

1 ,977 



500,000 

1.145 

1 ,812 



450,000 

1.105 

1,647 



400,000 

1.060 

1,482 



350,000 

1.015 

1,317 



300,000 

0.960 

1,219 



250,000 

0.905 

! 

982 



4/0 

0.800 

819 

0.670 

765 

3/0 

0.740 

672 

0.620 

624 

2/0 

0.690 

555 

0.575 

481 

1/0 

0.645 

462 

0.535 

392 

1 

0.605 

388 

0.500 

322 

2 

0.505 

274 

0.430 

250 

3 

0.470 

227 

0.400 

205 

4 

0.445 

188 

0.375 

170 

5 

0.420 

157 

0.355 

111 

6 

0.395 

132 

0.335 

118 

8 

0.320 

87 

0.300 

85 

10 

0.290 

63 

0.275 

60 

12 

0.265 

48 

0.255 

46 

14 

0.245 

38 

0.235 

36 

16 

0.230 

31 

0.225 

30 

18 

0.215 

26 

0.210 

26 

All conductors covered with asbestos braid over insulation. 


• Finished diameters given above are average. . 

4 tolerance of plus or minus 5 per 

cent is necessary, owing to variations in process of manufacture. 





169. Diameters and Weights of Asbestos Varnished-cambric-insulated, Single-conductor Cable 

(Rockbestos Products Corp.) 
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8,000-volt cable 

Approx, 
weight, 
lb. per 
1,000 ft. 

4,309 

3,955 

3,601 

3,047 

2,870 

2,693 

2,516 

2,339 

2.162 

1.985 

1.808 

1.631 

1,452 

1,277 

1.069 

908 

777 

671 

Nominal 

finished 

diam.,° 

in. 

1.755 

1.695 

1.635 

1.600 

1.565 

1.530 

1.495 

1.455 

1.415 

1 375 

1 330 

1 285 
1.230 

1.175 

1 080 

1 020 

0 970 

0 925 

5,000-volt cable 

Approx, 
weight, 
lb. per 
1,000 ft. 

3,721 

3.379 

3,040 

2,876 

2.701 

2.532 

2.362 

2.190 

2.018 

1.844 

1 674 
1,500 

1 324 

1.153 

967 

812 

687 

582 

Nominal 

finished 

diam.,® 

in. 

1.625 

1.565 

1.505 

1.470 

1.435 

1.400 

1.365 

1.325 

1.285 

1 245 
1.200 

1.155 
1.100 

1.045 

0.960 

0 900 

0 850 

0 805 

3,000-volt cable 

Approx, 
weight, 
lb. per 
1,000 ft. 

3,635 

3,302 

2,969 

2,800 

2,631 

2,457 

2,293 

2,119 

1.955 

1.786 

1.612 

1,443 

1 269 

1,094 

920 

766 

642 

543 

Nominal 

finished 

diam.,° 

in. 

1.565 

1.505 

1.445 

1.410 

1.375 

1.340 

1.305 

1.265 

1.225 

1.185 

1.140 

1.095 

1.040 

0.985 

0.900 

0.840 

0 790 
0.745 

o> 

2 

S3 

CJ 

O 

> 

6 

§ 

of 

Approx, 
weight, 
lb. per 
1,000 ft. 

3,558 

3,230 

2,907 

2.738 

2,569 

2,403 

2,236 

2,066 

1,897 

1,728 

1.564 

1,390 

1.225 

1.060 

878 

715 

594 

492 

Nominal 

finished 

diam.,° 

in. 

1.505 

1.445 

1.385 

1.350 

1.315 

1.280 

1.245 

1.205 

1.165 

1.125 

1.080 

1.035 

0.980 

0.925 

0.840 

0.780 

0.730 

0.685 

i 

600-volt cable . 1,000-volt cable 

Approx, 
weight, 
lb. per 
1,000 ft 

3.521 

3.354 
3,187 
3.020 
2,853 

2,687 

2.521 

2.355 
2,189 
2,023 

1,857 

1.691 

1 525 
1,359 
1.193 

1,024 

857 

708 

588 

491 

'e« T3 e 
e 3 a> r 

!li-s 

£ 'O 

1.475 

1.445 

1.415 

1.385 

1.355 

1.320 

1 285 
1.250 
1.215 
1.175 

1.135 

1.095 

1.050 

1.005 

0.950 

0.895 

0.810 

0.750 

0.700 

0.655 

x i- £ 

o « *r 

S..9 °:S 
$ f£S 

3,510 

3,346 

3.182 

3.018 

2,854 

2.689 

2.524 
2,359 
2,193 
2,027 

1,860 

1,692 

1.525 

1,3o7 
1,188 

1,017 

839 

690 

571 

476 

Nominal 

finished 

diam., a 

in. 

1.465 

1.435 

1.405 

1.375 

1.345 

1.310 

1.275 

1.240 

1.205 

1.165 

1.125 

1.085 

1.040 

0.995 

0.940 

0.885 

0.780 

0.720 

0.670 

0.625 

Size, A.w.g. or 
cir. mils 

1,000,000 

950,000 

900,000 

850,000 

800,000 

750,000 

700,000 

650,000 

600,000 

550,000 

500,000 

450,000 

400,000 

350,000 

300,000 

250,000 

4/0 

3/0 

2/0 

1/0 


(Continued on page 234) 
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160. Data for Nonmetallic-sheathed Building Cable 

(General Cable Corp.) 






Approx, 
width or 

Approx. 


Approx, weight, 
lb. per 1.000 ft. 

Size, 

Number 

Type of 

Shape 

thick¬ 
ness of 

Ft. per 



A.w.g. 

ductors 

conductor 

of cable 

diam., 

in. 

oval 

cable, 

in. 

coil 

With 

ground 

wire 

Without 

ground 

wire 

14 

2 

' 

Solid 

Oval 

0.590 

0.330 

250 

108 

104 

14 

3 

Solid 

Round 

0.030 


200 

175 

165 

14 

4 

Solid 

Round 

0.690 


200 

352 

342 

12 

2 

Solid 

Oval 

0.620 

0.350 

200 

135 

125 

12 

3 

Solid 

Round 

0.660 


200 

210 

200 

12 

4 

Solid 

Round 

0.730 


200 

404 

394 

to 

2 

Solid 

Oval 

0.670 

0.370 

200 

175 

155 


3 

Solid 

Hound 

0.720 


200 

270 

250 

10 

4 

Solid 

Round 

0.790 


200 

497 

477 

8 

2 

7 Strand 

Oval 

0.920 

0.510 

125 

260 

240 

8 

3 

7 Strand 

Round 

0.990 


125 

435 

400 

8 

4 

7 Strand 

R ound 

1.100 


125 

922 

888 

6 

2 

7 Strand 

Oval 

1.010 

0.560 

125 

410 

368 

6 

3 

7 Strand 

Round 

1.090 


125 

630 

576 

6 

1 

7 Strand 

Round 

1.200 


125 

1,136 

1,082 

4 

2 

7 Strand 

Oval 

1.110 

0.610 

125 

560 

488 

4 

3 

7 Strand 

Round 

1.190 


125 

860 

776 

4 

4 

7 Strand 

Round 

1.320 


125 

u .. 

1,550 

1,470 
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161. Nonleaded Solid Armored Building Cable 

(Anaconda Wire and Cable Co.) 


Size, A.w.g., and no. 
of conductors 

Diam. of wire, 
in. 

Thickness of 
rubber, in. 

Approx, over¬ 
all diam., in. 

Approx, weight, 
lb. per 1,000 ft. 

14/1 

0.064 


0.375 

140 

14/2 

0.064 

%4 

0.540 

260 

14/3 

0.064 

%4 

0.570 

296 

14/4 

0.064 

?64 

0.615 

332 

12/1 

0.081 

?64 

0.395 

156 

12/2 

0.081 

/H 

0.575 

288 

12/3 

0.081 

3 64 

0.605 

337 

12/4 

0.081 

S 64 

0.655 

406 

10/1 

0.102 

?64 

0.415 

179 

10/2 

0.102 

?64 

0.615 

336 

10/3 

0.102 

✓ 6 4 

0.645 

408 

10/4 

0.102 

?64 

0.740 

586 

8/1 

0. 128 

Si 4 

0.465 

240 

8/2 

0.128 

Si 4 

0.785 

540 

8/3 

0.128 

>6 4 

0 830 

650 

6/1 

0.162 

*■6 4 

0.530 

tc 

00 

C* 


162. Nonleaded, Stranded, Armored Building Cable 

(Anaconda Wire and Cable Co.) 


Size, A.w.g., and 
number of 
conductors 


10/1 

8/1 

8/2 

8/3 

8/4 

6/1 

6/2 

6/3 

6/4 

4/1 

4/2 

4/3 

4/4 

2/1 

2/2 

2/3 

2/4 

1/1 


Appiox. weight, 
lb. per 1,000 ft. 


192 

200 

560 

710 

830 

308 

720 

920 

1,080 

400 

900 

1,124 

1.250 

530 

1,180 

1,500 

1,900 

720 


No. and diam. 
of strands, in. 


Thickness of 
nibber, in. 


*B4 

Si 4 

Si 4 

su 


\ppiox. over-all 
diam., in. 


0.450 

0.515 

0.770 

0.815 

0.895 

0.515 
0.890 
0.945 
1.030 
0.505 

0.985 


7/0.0385 
7/0.0486 
7/0.0486 
7/0.0486 
7/0.0486 

7/0.0612 

7/0.0612 

7/0.0612 

7/0.0612 

7/0.0772 

7/0.0772 

7/0.0772 

7/0.0772 

7/0.0974 

7/0.0974 

7/0.0974 

7/0.0974 

19/0.0664 


1.045 
1.230 
0.635 
1.120 

1 .260 
1.380 
0.720 
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163. Leaded Armored Building Cable 

(Anaconda Wire and Cable Co.) 


Size, A.w.g. and 
number of 
conductors 

Thickness of 

Thickness of 

Approx, over-all 

Approx, weight, 

rubber, in. 

lead, in. 

diam., in. 

lb. per 1,000 ft. 

14/2 

3 <U 

Ha 

0.620 

435 

14/3 

3 6 4 

*6 4 

0.650 

690 

12/2 

Ha 

*6 4 

0.655 

480 

12/3 

Ha 

Ha 

0.700 

760 

10/2 

Ha 

Ha 

0.710 

640 

10/3 

Ha 

Ha 

0.745 

840 

8/2 

Ha 

Ha 

0.830 

960 

8/3 

Ha 

Ha 

0.870 

1,325 

0/2 

Ha 

Ha 

0.995 

1,190 

6/3 

Ha 

Ha 

1.050 

1,590 

4/3 

Ha 

Ha 

1.185 

2,210 


164. Classification of Flexible Cords 

(General Cable Corp.) 


Type of eoid 


Type 

letters 


Type of cord 


Type 

letters 


Fabric covei 


Rubber-jacket covering 


Heat-resisting cords 


Parallel cotton- or rayon-coveied 

lamp cord. 

Twisted cotton- or rayon-covered 

lamp cord. 

Twisted poitable cotton-covered 
cord. 

Reinforced eoids. 

Braided heavy-duty cords. 

Elevator cable. 

Heater cords. 


/AFC 

AFPO 

AFPD 

\OFC 

CFPO 

FPD 


“Mid-Rip” all-rubber parallel 
cord. 


Rubber-jacketed CordH, 


PO 


C 

PD 

rP 

t PWP 
K 
E 

'HC 

HPD 


Rubber-jacketed, heat-resisting 
cords. 


“Super Service” rubber-jack¬ 
eted hard-service cord. 

Elevator cable. 

Rubber-jacketed heater cord.... 


POSJ 


{ 

{ 

{ 


S 

SJ 


AFS 

AFSJ 


S 

SJ 

ES 

HSJ 



















165. Flexible Cords 

(National Electric Code) 
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Parallel PO-64° I Cotton or 

cord I PO-32 j Cotton None raj on 
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.66. Flexible Cords ( Continued ) 
(National Electric Code) 
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165. Flexible Cords ( Continued) 

(National Electric Code) 
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* Type K is suitable for use on theatre stages 

•Rubber filled or \ armshed-cambric tapes ma\ be substituted for the inner braids 

/ T>pe S in suitable for use on theatre stages m garages and elsewhere where flexible cords having rubber insulation are permitted b> the 
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166. Standard Nomenclature for Insulated Magnet Wire 

(National Electrical Manufacturers’ Association) 


Description 

N.E.M.A. 

symbol 

Description 

N.E.M.A. 

symbol 

Enameled wire: 


Silk-covered wire ( continued) 


Heavy enamel. 

HE 

Enamel, double silk, varnish.. 

EDSV 

Enamel. 

E 

Heavy enamel, single silk.... 

HES 

Cotton-covered wire: 


Heavy enamel, bonded single 



C j 

silk. 

HEBS 

Bonded single cotton. 

BC 

Heavy enamel, single silk, 



ev 

varnish. 

HESV 

Double cotton. 

DC 

Heavy enamel, double silk. . . 

HEDS 

Bonded double cotton. 

BDC 

Heavy enamel, bonded double 



DCV 

silk. 

HERDS 

Enamel- and cotton-covered 


Heavy enamel, double silk, 


wire: 


varnish. 

HEDSV 

Enamel, single cotton. 

EC 

Paper-covered wire 


Enamel, bonded single cotton. 

EBC 

Single paper. 

P 

Enamel, single cotton, varnish 

ECV 

Single paper bonded. 

BP 

Enamel, double cotton. .. . 

EDC 

Double paper. 

DP 

Enamel, bonded double cotton 

EBDC 

Double paper bonded... 

BDP 

Enamel, double cotton, var- 


Enamel- and paper-covered wire: 


nish. 

EDCV 

Enamel single paper bonded . 

EBP 

Heavy enamel, single cotton. 

HEC 

Enamel double paper bonded . 

EBDP 

Heavy enamel, bonded single 


Heavy enamel, single paper 


cotton. 

HEBC 

bonded . 

HEBP 

Heavy enamel, single cotton, 


Heavy enamel, double paper 


varnish. 

HEC V 

bonded.. . 

HEBDP 

Heavy enamel, double cotton. 

HEDC 

Papei- and cotton-covered wire: 


Heavy enamel, bonded double 


Single paper, single cotton. 

PC 

cotton. 

HEBDC 

Single paper, double cotton 

PDC 

Heavy enamel, double cotton, 


Double paper, single cotton 

DPC 

varnish. 

HKDCV 

Double paper, double cotton 

DPDC 

Silk-coveied wire: 


Silk- and cotton-covered wire: 


Single silk. 

S 

Single cotton, single silk. 

CS 

Bonded single silk. 

BS 

Single cotton, double silk. 

CDS 

Single silk, varnish. 

sv 

Double cotton, single silk. . . . 

DCS 

Double silk. 

DS 

Double cotton, double silk... 

DCDS 

Bonded double silk. 

BDS 

Asbestos-covered wire: 


Double silk, varnish. 

nsv 

Asbestos covered. 

A 

Enamel, single silk. 

ES 

Asbestos covered, varnish 


Enamel, bonded single silk. 

EBS 

treated. 

AV 

Enamel, single silk, varnish, . 

ESV 

Enamel asbestos covered. 

EA 

Enamel, double silk. 

EDS 

Enamel asbestos covered, var¬ 


Enamel, bonded double silk. . 

EBDS 

nish treated. 

EAV 
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167. Relative Characteristics of Different Types of Insulated Magnet 

Wire 

(General Electric Co.) 


Property 

r 

HE 

C 

8 

P 

♦Dielectric strength * volts per mil 






Mandrel 

400 

625 

150 

220 

150 

Layer 

47 5 

775 

125 

220 

140 

Twist 

950 

1 190 

110 

210 

130 

Physical properties 






Flexibility 

1 

2 

3 

3 

4 

Abrasion resistance 

4 

3 

2 

1 

4 

Effect of elongation 

1 

2 

2 

2 

3 

Chemical properties 




j 


Resistance to mineral oil 

2 

2 

1 

l ! 

1 

Resistance to heat °C 

105 

105 

95 

95 

95 

Resistance to water 

1 

1 

» 

6 

6 


The ratings in th< ibove tabh for physical and chemical properties (except resistance 
to heat) are made on basic untreated magnet-wire insulations, 1 indicating the best 
C ombinations of these basic types should be rated at the value of the lowest component 
The hottest spot-temperature expressed m degrees centigrade, indicates the rating in 
terms of heat resistance 

« These are actual dielectnc-stiength values 
b Moistuie absorbing 

168. Relative Physical and Chemical Properties of Magnet Wire 

Insulation 


Asbestos 

Enamel 

Paper 

Heavy enamel 

Cotton 

Silk 






169. Space Factors® of Magnet-wire Insulations 

(General Cable Corp.) 
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169, Space Factors 0 of Magnet-wire Insulations ( Continued) 
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Asbestos 


Double 

silk 

0.3949 

0.3681 

0.3433 

0.3156 

0.2882 

0.2618 

0.2370 

0.2149 

0.1915 

0.1665 

0.1455 

Single 

«ilk 

0.5363 

0.5141 

0.4927 

0.4677 

0.4418 

0.4153 

0.3895 

0.3651 

0.3376 

0.3068 

0.2791 

Double 

cotton 

0.2270 

0.2031 

0.1824 

0.1606 

0.1404 

0.1221 

0.1144 

0.1001 

0.0858 

0.0715 

0.0601 

Single 

cotton 

0.3684 

0.3413 

0.3165 

0.2892 

0.2793 

0.2367 

0.2370 

0.2149 

0.2011 

0.1762 

0.1551 

Enamel, 

double 

silk 

0.3489 
0.3266 
0.3019 

0.2795 

0.2529 

0.2321 

0.2086 

0.1920 
0.1699 
0.1466 

0.1306 

Enamel, 

single 

silk 

0.4647 

0.4467 

0 3549 

0.4039 
0.3764 

0.3574 
0.3311 
0.3155 

0.2884 

0.2585 

0.2406 

Enamel, 

double 

cotton 

0.2065 

0.1857 

0.1659 

0.1472 

0.1281 

0.1124 

0.1046 

0.0927 

0.0791 

0.0657 

0.0569 

Enamel, 

single 

cotton 

0.3269 

0.3042 

0.2799 
0.2575 
0.2278 

0.2111 

0.2086 

0.1920 

0.1698 

0.1466 

0.1300 

Heavy 

enamel 

0.5836 

0.5751 

0.5811 

0.5611 

0.5542 

0.5327 

0.5454 

0.5454 

0.5253 

0.4969 

0.4961 

0.4750 

0.4793 

0.4520 

0.4309 

Inter¬ 

mediate 

enamel 

0.6149 

0.6221 

0.6069 

0.6034 

0.5849 

0.5829 

0.5836 

0.5661 

0.5454 

0.5454 

0.5226 

0.5327 

0.5107 

0.4848 

0.4647 

Standard 

enamel 

0.6490 

0.6476 

0.6344 

0.6344 

0.6183 

0.6204 

0.6042 

0.6114 

0.5937 

0.6013 

0.5824 

0.5653 
0.5836 
0.5623 

0.5454 

Wire 

size, 

A.w.g. 

O h N W Tfi iQ (O N 00 0) O -i N M ^ 

M » W W W « M M M M ^ V 
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The above data are approximate and subject to normal manufacturing tolerances. Above figures are based solely upon wire dimensions 
and therefore apply to precision-wound coils. To obtain comparable values for random-wound coils, above figures should be multiplied by coil 
factors. 

• Space factors represent the relative coil eopper efficiency (multiply by 100 to obtain percentage efficiency). 













170. Nominal Diameters (in Mils) of Magnet Wire 

(General Electric Co.) 
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Form ex 
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minus 1 per cent m diameter on 0 010 m and larger and plus or minus 0 0001 in on smaller sises enamel may vary from minus 15 per cent to 
plus 35 per cent from the nominal cotton, minus 15 per cent, plus 0, and silk, minus 40 per cent plus 0 (these tolerances for enamel, cotton, 
and silk are approximate). The nominal addition for the insulation is obtained by subtracting the nominal bare from the nominal insulated 
diameter. 
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171. Weights of Insulated Magnet Wire in Pounds per 1,000 Feet 

(General Electric Co.) 


Size, 

A.w.g. 

Diam., 

in. 

Plain 

enamel 

Enamel, 

single 

silt 

Enamel, 

double 

silk 

Enamel, 

single 

cotton 

Enamel, 

double 

cotton 

Single 

silk 

Double 

silk 

Single 

cotton 

Double 

cotton 



(E) 

(ES) 

(EDS) 

(EC) 

(EDO 

(H) 

(DS) 

(C) 

(DO) 

2 

0 258 








203 

204 

3 

0 229 








160 

161 

4 

0 204 








127 

127 

5 

0 182 








101 

101 

6 

0 162 








80 0 

80 7 

7 

0 144 








63 4 

64 0 

8 

0 128 

50 0 



50 5 

51 1 



50 1 

50 7 

9 

0 114 

39 7 



40 2 

40 7 



39 9 

40 4 

10 

0 102 

31 8 



32 3 

32 5 



32 0 

32 3 

11 

0 0907 

25 2 



25 b 

25 8 



25 3 

25 5 

12 

0 0808 

20 0 



20 4 

20 6 



20 2 

20 4 

13 

0 072 

15 9 



16 2 

16 4 



16 0 

16 2 

14 

0 0641 

12 6 



12 9 

13 0 



12 7 

12 9 

15 

0 0571 

10 0 



10 3 

10 5 



10 1 

10 3 

16 

0 0508 

7 93 

8 01 


8 18 

8 31 

7 89 

7 96 

8 06 

8 17 

17 

0 0453 

0 31 

6 38 


6 51 

6 65 

6 28 

6 33 

6 40 

6 53 

18 

0 0403 

4 99 

5 05 


5 17 

5 28 

4 97 

5 03 

5 08 

5 19 

19 

0 0359 

3 97 

4 02 

4 08 

4 14 

4 23 

3 95 

4 01 

4 06 j 

4 15 

20 

0 032 

3 16 

3 21 

3 26 

3 29 

3 40 

3 15 

3 19 

3 23 

3 33 

21 

0 0285 

2 51 

2 56 

2 60 

2 63 

2 73 

2 51 

2 55 

2 57 

2 67 

22 

0 0253 

1 98 

2 02 

2 05 

2 09 

2 19 

1 98 

2 01 

2 05 

2 14 

23 

0 0226 

1 58 

1 62 

1 65 

1 68 

1 76 

1 59 

1 62 

1 64 

1 73 

24 

0 0201 

! 1 25 

! 1 28 

1 32 

1 34 

1 42 

1 25 

1 28 

1 31 

1 39 

25 

0 0179 

| 0 993 

1 02 

1 05 

1 06 

1 15 

0 997 

1 03 

1 03 

1 12 

26 

0 0159 

0 784 

0 806 

1 0 832 

0 S47 

0 928 

0 786 

0 811 

0 825 

0 903 

27 

0 0142 

0 622 

0 642 

0 664 

0 680 

0 757 

0 630 

0 651 

0 666 

0 739 

28 

0 0126 

0 491 

0 508 

0 529 

0 538 

0 584 

0 498 

0 516 

0 526 

0 571 

29 

0 0113 

0 396 

0 412 

0 430 

1 0 441 

0 485 

0 403 

0 420 

1 0 430 

0 473 

30 

0 010 

0 310 

0 326 

0 343 

0 352 

0 395 

0 317 

0 333 

0 344 

0 385 

31 

0 0089 

0 246 

0 261 

0 277 

0 27S 

0 327 

0 253 

0 269 

0 273 

0 317 

32 

0 008 

0 199 

0 213 

0 227 

0 232 

0 269 

0 205 

0 218 

0 226 

0 263 

33 

0 0071 

0 157 

0 171 

0 185 

0 189 

0 225 

0 164 

0 177 

0 184 

0 219 

34 

0 0063 

0 124 

0 136 

0 148 

0 152 

0 183 

0 130 

0 142 

0 147 

0 178 

35 

0 0056 

0 0980 

0 109 

0 121 

0 125 

0 156 

0 105 

0 116 

0 121 

0 151 

36 

0 005 

0 0780 

0 0880 

0 0990 

0 104 

0 134 

0 0840 

0 0950 

0 102 

0 131 

37 

0 0045 

0 0630 

0 0730 

0 0840 

0 0890 

0 118 

0 0700 

0 0833 

0 0869 

0 1158 

38 

0 004 

0 0500 

0 0600 

0 0700 

0 0760 

0 100 

0 0570 

0 0672 

0 0736 

0 0970 

39 

0 0035 

0 0380 

0 0470 


0 0630 

0 0860 

0 0450 

0 0542 

0 0620 

0 0848 

40 

0 0031 

0 0300 

0 0390 


0 0550 

0 0780 

0 0370 

0 0460 

0 0539 

0 0763 

41 

0 0028 

0 0250 









42 

0 0025 

0 0197 
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172. Feet per Pound of Magnet Wire 

(General Electric Co.) 


Size, 

A.- 

Diam., 

in. 

Plain 

enamel 

Enamel, 

single 

silk 

Enamel, 

double 

Hillf 

Enamel, 

single 

cotton 

Enamel, 

double 

cotton 

Single 

silk 

Double 

silk 

Single 

cotton 

Double 

cotton 

w.g. 



(E) 

(ES) 

(EDS) 

(EC) 

(EDC) 

(S) 

(DS) 

(C) 

(DC) 

2 

0 

258 








4 93 

4 90 

3 

0 

229 








6 25 

6 21 

4 , 

0 

204 








7 89 

7 83 

5 

0 

182 








9 93 

9 85 

6 

0 

162 








l 12 5 

12 4 

7 

0 

144 








| 15 8 

15 6 

8 

0 

128 

20 0 



19 8 

19 6 



20 0 

19 7 

0 

0 

114 

25 2 



24 9 

24 6 



1 25 1 

24 S 

10 

0 

102 

31 5 



31 0 

30 8 



31 3 

31 1 

11 

0 

0907 

39 8 



39 1 

38 8 



39 5 

39 2 

12 

0 

0808 

50 0 



49 0 

48 6 



49 6 

49 1 

13 

0 

072 

62 9 



61 6 

61 0 



62 4 

61 8 

14 

0 

0641 

79 6 



77 6 

76 7 



78 8 

77 8 

15 

0 

0571 

99 9 



99 7 

95 7 



98 6 

97 2 

16 

0 

0508 

126 

125 


122 

120 

127 

125 63 

124 

122 

17 

0 

0453 

158 

157 


154 

150 

159 

157 98 

156 

153 

18 

0 

0403 

200 

198 


193 

189 

201 

198 81 

197 

193 

19 

0 

0359 

252 

249 

245 

242 

236 

253 

249 38 

246 

241 

20 

0 

032 

316 ' 

312 

307 

304 

294 

317 

313 48 

310 

300 

21 

0 

0285 

398 

391 

385 

380 

366 

398 

392 

389 

375 

22 

0 

0253 

505 

495 

488 

478 

457 

505 

498 

488 

467 

23 

0 

0226 

633 

617 

606 

595 

568 

629 

617 

610 

578 

24 

0 

0201 

800 

781 

758 

746 

704 

800 

781 

763 

719 

25 

0 

0179 

1,010 

980 

952 

943 

870 

1,000 

971 

971 

893 

26 

0 

0159 

1,280 

1,240 

1,200 

1,180 

1,080 

1,270 

1,233 

1,210 

1,110 

27 

0 

0142 

1,610 

1,560 

1,510 

1,470 

1,320 

1,590 

1,536 

1,500 

1,350 

28 

0 

0126 

2,040 

1,970 

1,890 

1,860 

1,710 

2,010 

1,938 

1,900 

1,750 

29 

0 

0113 

2,530 

2,430 

2,330 

2,270 

2,060 

2,480 

2,381 

2,330 

2,110 

30 

0 

010 

3,230 

3,070 

2,920 

2,840 

2,530 

3,160 

3,003 

2,910 

2,600 

31 

0 

0089 

4,070 

3,830 

3,610 

3,600 

3,060 

3,950 

3,717 

3,660 

3,160 

32 

0 

008 

5,030 

4,700 

4,410 

4,310 

3,720 

4,880 

4,590 

4,430 

3,800 

33 

0 

0071 

6,370 

5,850 

5,410 

5,290 

4,440 

6,100 

5,650 

5,440 

4,570 

34 

0 

0063 

8,070 

7,350 

6,760 

6,580 

5,460 

7,690 

7,040 

6,800 

5,620 

35 

0 

0056 

10,200 

9,170 

8,260 

8,000 

6,410 

9,520 

8,620 

8,260 

6,620 

36 

0 

005 

12,800 

11,400 

10,100 

9,620 

7,460 

11,900 

10,500 

9,800 

7,630 

37 

0 

0045 

15,900 

13,700 

11,900 

11,200 

8,480 

14,300 

12,000 

11,500 

8,640 

38 

0 

004 

20,000 

16,700 

14,300 

13,200 

9,000 

17,500 

14,900 

13,600 

10,300 

39 

0 

0035 

26,300 

21,300 


15,900 

11,600 

22,200 

18,500 

16,100 

11,800 

40 

0 

0031 

33,300 

25,600 


18,200 

12,800 

27,000 

21,700 

18,600 

13,100 

41 

0 

0028 

40,000 









42 

0 

0025 

50,800 
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ELECTRICAL RESISTANCE WIRE 

174. Electrical resistance wire is wire that has the characteristic of high 
resistance to the flow of electric current. It is this higher resistance char¬ 
acteristic which distinguishes resistance wire from conducting wire. The 
material used for conducting wires should have as low a resistance as 
possible. Electrical resistance wire is used for the wiring of rheostats, 
resistors, heaters, furnaces, electric ranges, etc. Metal alloys are used for 
the manufacture of resistance wires. The more common alloys employed 
are nickel chromium, nickel copper, nickel chromium iron, nickel iron, and 
manganese nickel. In Table 173 are listed the properties of metals and 
alloys manufactured by the Driver-Harris Co. for resistance wire. 
Although the table gives the trade names for the one company, it will be 
found to be fairly representative for the alloys of the other manufacturers. 

CABLE JOINTS AND TERMINAL CONNECTIONS 

176. Cable joints and connections are an essential part of any electric 
circuit. It is of utmost importance that they be properly made, since 
any system is only as strong as its weakest link. The basic requirements 
of any joint or connection are that it shall be both mechanically and 
electrically as strong as the cable with which it is used. High-quality 
workmanship and materials must be employed so that permanently 
good electrical contact and insulation (if required) will be ensured. The 
more common satisfactory methods of making joints and connections in 
electric cables are discussed in the following sections. 

176. Joints and Connections for Insulated Cables. —There are two 
methods of making joints or connections for insulated cables: by means of 
soldered connections and by means of solderless connection devices 
(see Sec. 233). Soldered connections were the old accepted standard, but 
in the past few years solderless splicing devices and connectors have gained 
wide favor for low-voltage work. The use of such devices materially 

reduces the amount of time required for the making 
of splices and terminal lug connections. Moreover, 
if the device is of good design, in addition to the 
mechanical strength of the connection being fully as 

Fig. 6. Split cop- g re at as that of a good soldered connection, the 
sleeve^ connectinK solderless connection has the advantage that the 
electrical contact will not fail under short circuits or 
continuous overloads due to the melting of solder. 

Soldered joints may be made by means of soldered splices (see Secs. 
184 to 204) or by a copper sleeve (see Fig. 6 and Sec. 206) thoroughly 
sweated to the cable. 

177. Insulation of Joints. —Every joint in insulated cable must be 
covered with insulation equivalent in insulating properties to that on the 
cable itself. Soldered joints in rubber-insulated cables are insulated with 
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rubber tape. The rubber employed is a self-vulcanizing rubber tape often 
referred to as splicing gum. Different rubber tapes are available made 
from different types of rubber compound. One type is made from normal¬ 
aging compound and may be used for cables insulated with Code, 
intermediate, A.S.T.M. 30 per cent Class AO, or performance rubber 
compounds. A better grade of tape having better aging, heat-resisting, 
and moisture-resisting properties was developed for performite-com- 
pound-insulated cables. It may be used for high-grade joints in any 
type of rubber-insulated cables. For insulating joints in cables insulated 
with an oil-base compound (corona and ozone resisting) a corona-resisting 
tape made from an oil-base compound should be used. 

Soldered joints in varnished-cambric- and paper-insulated cables are 
insulated with varnished-cambric tape. 

.Joints made with solderless connectors may be insulated as described 
above for soldered joints, or an insulating cover may be employed. 

liefer to Secs. 207 and 208 for more detailed instructions for appli¬ 
cation of insulating tapes. 

178. Protection of Joints. —Some form of protection should be supplied 
over the insulating tape of a joint. For all types of braided cables the 
joint is protected by applying two layers of friction tape over the insulated 
joint. Friction tape is made of closely woven cotton fabric treated on 
both sides with a rubber compound of adhesive character. 

179. Completed Joints. —Cross-sectional views of typical completed 
joints are shown in Figs. 7, 8, and 32 to 38. 


I0r~" r w—i#- 

mu" 


^^5 

Conductor' f 



/ Copper 

Friction Tape and Connector 
Weatherproof Paint SphcinqGum 


'W&m**** , 

/ i Cable Cable 

/ \ Tape Braid 

Rubber 'Cable Insulation 


Fig. 7.—Joint in rubber-insulated, braided cable. 
UjLC onnector .J 


j. *p' \i J/| *-- 20T -[j'r 



t r§ 


Cable 


Friction Tape and' Conductor / "Copper i Tape Braid 
Weatherproof Paint j ~ Connector Cable Insulation 

Varnished-Cambric Tape 

Fju. 8.—Joint in varnished-cambric-insulated, braided cable. 


180. Removing Protective Covering. —For braided cable strip back the 
protective covering a sufficient distance from the ends of the cables to be 
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jointed. Trim the edges with a sharp knife, taking great care not to cut 
the insulation or leave loose ends to get under taping. 

For lead-sheathed cable proceed as follows (General Electric Go.): 

First, make a cut halfway through the sheath at a sufficient distance 
from end of cable; second, split the sheath lengthwise from the end to the 
cut; third, tear loose the section of sheath by pulling on one edge with 
pliers directly away from the cable axis. This will leave the remaining 
sheath ends slightly belled in preparation for other operations. When 
the lead sheath is removed, be sure to remove the layer of insulation 
that was in contact with the lead sheath; in the case of cables employing 
metal shielding, the layer of insulation in contact with the shielding 
metal should also be removed. 

181. Removing Insulation from Rubber-insulated Cables. —-Com¬ 
pletely remove the insulation for a distance sufficient for making the joint. 


- Outer Brahf- - 
} Conductor—’ 


1-Wrong Method 

Fju. 9. 


^--Rubber Insulation 

It-Right Method 

-Methods of “skinning’* wire. 



/ Connector S Cotton yarn bound into corners between connector 

Conductor and conductor, between conductor and insulation, 


and into stepped corners of insulation. Also 
showing one turn to bind down the tape ends 


Fig. 10.—Method of stepping and binding insulation. 


Cover the bared conductor with a few turns of friction tape so that the 
conductor will not be nicked. Pencil down the conductor insulation for a 
distance of in. (see Figs. 7 and 9). This penciling should be smooth and 
even and can bo done best with a sharp knife, being careful not to injure 
the conductor. All the expovsed conductor insulation should then be 
made smooth with fine emery cloth in order to provide a good surface for 
the application of the splicing gum. Wrap the tapered ends of the insula¬ 
tion tightly with dry cotton tape, and tie the tape in place. This is to 
protect the insulation from scorching while the connector is being soldered 
to the conductors. 

182. Removing Insulation from Paper- or Vamished-cambric-insu- 
lated Cable (General Electric Co.).—The cable insulation should be 
removed in steps as indicated in Fig. 10. For paper-insulated cable, the 
steps should be made by tearing the paper tapes. A convenient way to 
do this is to hold a loop of fine steel wire (about 0.015 in. in diameter) in 
place around the insulation at each step in turn, beginning with the step 
farthest away from the end of the cable, and tear the tapes at the wire. 
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A weight of about lb. attached to each end of the wire will hold the 
loop in place while tearing the tape. 

For varnished-cambric-insulated cable, the steps should be made by 
cutting the cloth tapes, exercising care to avoid cutting through tapes 
that will remain on the conductor. 

It is recommended that the first step adjacent to the conductor be, in 
each case, about in. in height by in. in length, and that the remain¬ 
ing steps be of equal height and spaced about % in. apart. The number 
of steps in any case will be the same as that shown in the illustration, but 
the height of the steps will vary with the thickness of the insulation on the 
conductor. 

The number of tapes to bo removed for any given step must be deter¬ 
mined by counting the total number of tape layers and measuring the 




Fig. 11. —Method of forming joints in wires No. 18 and smaller. 

thickness of each. The total insulation usually comprises either paper 
tapes varying in thickness from 0.004 to 0.008 in., or varnished-cambric 
tapes about 0.012 in. in thickness. 

Cotton yarn should be bound into the stepped corners of the insulation 
and into the corners between insulation and conductor parts (Fig. 10). 
When doing this the following procedure should be observed: wash the 
exposed surfaces of stepped insulation and all metal conductor parts with 
high-quality Transil oil at a temperature of about 110°C. in order to 
remove all impurities. Dip the roll of cotton yarn in clean Transil oil at a 
temperature of 110°C. to remove possible moisture. Then wind the 
yarn in all the stepped corners of the insulation, the corners between the 
conductor and the insulation, and the corners between the conductor and 
the connector. In passing from one step of insulation to the next, bind 
down the tape ends with a turn of yam. Excessive yarn should be 
avoided; that is, one turn in the lower steps and two in the higher steps 
should be sufficient. 
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183. Cleaning Wire Ends. —The bare wire ends should be scraped 
bright with the back of a knife blade or rubbed clean with sandpaper or 
emery cloth to ensure that the solder will adhere readily. 

184. When splicing wires of No. 18 
Brown and Sharpe gage or smaller (Fig. 

11) , the insulation, which is usually of 
paraffined cotton, is removed for a dis¬ 
tance of about 2 in. from each wire end. 
Then, I, the wires should be crossed and 
held firmly between the thumb and 
fingers. Next, they should be twisted 
together, II, into the splice as shown 
at III. The projecting ends E i and f£> 
arc snipped off with the plier cutters 
and the whole joint is squeezed into 
compact form between the jaws of the 
pliers. 

186. The Western Union joint (Fig. 

12) is used more frequently than any 
other. It is used in interior wiring in 
joining two lengths of wire to extend 
the conductors from outlet to outlet. 
In outside wiring, it is used extensively. 
The joint is made (Fig. 12) by crossing 
the bared ends as shown at II and 
forming in them a long twist or 
neck (III) on either side of which five 
short turns should be formed as in III 

and IV. The pliers are employed in making a joint of this type in wires 
of No. 8 American wire gage and smaller. For larger wires, both the 
pliers and connectors should be used. For No. 14 
wires about a 3-in. length of insulation should be 
removed from each wire end; for No. 6 wire about 
8 in. Care should be exercised to ensure that the 
free ends in the completed joint are squeezed down 
flush with the outer short turns so that sharp 
comers will not cut through the tape. 

186. The rat-tailed joint (Fig. 13) is often em¬ 
ployed in connecting lighting-fixture leads, but the 
joints illustrated in Figs. 14 and 15 are, usually, pref¬ 
erable for this purpose. It is used principally in 
joining conductors in outlet boxes. It is satisfactory if no longitudinal 
strain is impressed on it. A longitudinal strain is apt to untwist the joint. 

187. The end fixture splice (Fig. 14) is used when a fixture wire, usually 
No. 18 Brown and Sharpe gage, is to be joined to a terminating branch 



''Scraped Wire 

I-Conductors Bared 



Neck-^ 


nr 

m- Half Completed 


/Insulation /"Ne ck 
^ Ml —* 

^'£nol Turns 
H- Completed imd Insulated 
Fig. 12.—Method of preparng 
wires for Western Union joinit. 
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conductor, which is most frequently of No. 14 gage. The larger wire 
is bared for about 2 in. and the fixture wire for about 3 in. Then a 2-in. 
length of the fixture wire is wrapped around the bared No. 14 wire. 
Next, the end of the larger wire is bent back over the joint and the remain¬ 
ing portion of the fixture wire is wound about it. 

188. The back-turn splice (Fig. 15) is sometimes 
employed instead of the fixture splice shown in Fig. 
14 or instead of the rat-tailed joint of Fig. 13. This 
joint (Fig. 15) will withstand considerable longitudi¬ 
nal strain. 


Fig. 14.—End fix- Fig. 15. -Back-turn splice, 

ture splice. 




189. The duplex joint (Fig. 16) is employed in splicing the duplex 
conductor which is used in conduit installations. It consists of two 
Western Union joints, J\ and which should be staggered. That is, 
they should not be opposite one another. Rubber and friction tape are 
applied to each joint just as if the joint were in a single wire. Then a 
serving of friction tape should be applied over the pair. 


-Outside Insulation j t 


/Single Conductor 






J2 

Staggered Western Union Joints- 
Fig. 16 .—Duplex joint. 



190. The Britannia joint (Fig. 17) is used frequently in interior wiring 
where solid wires larger than No. 8 are to be spliced. The wire ends are 
bared and scraped for a distance of about 4 or 5 in. Then, the extreme 
end of each is bent almost to a right angle with the axis of the wire. 
Next, a piece of bared and scraped No. 18 wire about 5 or 6 ft. long is 


.*Insulation Wrapping Wire Started In Center 



'"Conductor Bent At End 

Fig. 17.—Britannia joint. 


doubled on itself. Now, the large wires are held in the position which 
they are to occupy in the finished splice, with a pair of connectors or 
pliers, and the middle point of the doubled wrapping wire is placed over the 
center of the two large wires. Then, one bight of the wrapping wire is 
served around the two large wires from the center to one end of the joint 
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and a few finishing turns are wound on the single wire. The other bight 
of the wrapping wire is then wound around the other portion of the joint 
in like manner. 

191. The scarf joint (Fig. 18) is utilized only for joining solid wires 
when the over-all diameter of the joint must not exceed the diameter of 
the wire. The end of each wire is filed to a wedge shape as shown at I. 
The two are laid together, and a No. 18 duplex binding wire is wound 



I* Section A* A 


Filed Section- J 


Round Section ... 

A 


A 

n*Conductor$ Filed Down 


.-Conductor^ 


Insulation ... 



Wrapping Wine- *' 

1H*.Splice Completed 
Fig. 18.—Scarf joint. 


around them. The binding wire is started in the center and is wound to 
each end in the same manner as above described for the Britannia joint. 
A few end turns of the binding wire should extend along the round 
unmutilated portion of each large wire soJ,hat the filed-down pieces will 
not shift prior to soldering. 

192. The ordinary tap joint (Fig. 19) is the one which is usually made in 
splicing a tap conductor to a through conductor. It is made by wrapping 

fShort Turns 


,( Main t 
'Conductor \ 

j lap 
? -f Conductor 

Fig. 19.—Ordinary tap joint 


Main (Long Twist 
tConductor • 

Short Turns* 



r Branch 
1 Conductor, 


Fig. 20.—-Small aerial tap. 


the tap wire around the main wire. Joints of this type should, preferably, 
be wrapped as shown in Fig. 20 with long turns from A to B. Solder 
should not be applied to the joint at A. If wrapped as in Fig. 19 or if 
wrapped as in Fig. 20, and if solder is applied at location A of the joint, it 
is inflexible. Hence, the tap conductor is liable to be broken off if sub¬ 
jected to vibration. 

193. The knotted tap joint (Fig. 21), though it is seldom used in prac¬ 
tice, has the advantage that the tap wire cannot untwist from the main 
wire. It is made by bending the tap wire end into a U shape, hooking it 
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over the main wire, bending it over itself, and then bending the remaining 
bight into short turns around the main wire. 

194. Cross joints (Figs. 22 and 23) may be used where it is necessary 
to splice a branch wire, which extends each way from the main conductor, 


7/Wd—>' 

f -: / \ 


Zfc j *-■■■*% 


>loop 




I K*P 

Mam g «■Conductor 
-Conductor \ 




Fig. 21. —Knotted Fig. 22. — Plain 
tap joint. cross joint. 


(tils j 



| -i-Tap-B 

Fig. 23.—Du¬ 
plex cross joint. 


to the main conductor. The plain cross joint (Fig. 22) is made by wrap¬ 
ping two ordinary taps (Fig. 19) onto the main conductor. One tap is 
wound from right to left and the other from left to right. 


^Rubber Insulation 


rMain Conductor 



Fig. 24.—The wrapped tap joint. 


196. The duplex cross joint (Fig. 23) is made by wrapping both tap 
wires in parallel on the main wire in the same direction. 

196. The wrapped tap joint (Fig. 24) is used in interior wiring for 
wires of No. 6 gage and larger. It is seldom employed in outside eon- 


CRubber 11 fj< . Outer Strands 



El-Joint Partially Completed 

Fig. 25. —Single-wrap cable splice. 


_ _ ...... ^Friction 

E*Comp!et«d Joint Tape 


struction. It is made by bending the bared end of the tap wire into an L 
shape holding it along the side of and against the main wire and binding 
the two together as in the Britannia joint. 
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197. Through joints in stranded conductors or cables (Figs. 25 and 26) 

may be of either of the two types illustrated. The single-wrapped joint of 
Fig. 25 is used most frequently because of the difficulty encountered in 
making a multiple-wrapped (Fig. 26) splice. 

198. The single-wrapped cable splice (Fig. 25) is made as follows: 
First, “skin ” the ends of the two cables which are to be spliced. The end 
of a No. 6 cable should be skinned for a distance of about 6 in.; 1 /0, 8 in.: 
4/0, 11 in.; 500,000 cir. mils, 16 in. Spread out the wires composing the 


.'Free Enols Wrapped In Multiple 



Insulation--* 4 ' 

Fig. 26. —Multiple-wrap cable splice. 


cable as shown at I and pull each straight and cut away the core or a few 
of the inner wires so that the splice will not be bulky. Clean each wire 
with sandpaper. Force the wires back to nearly their normal positions. 
Lace together the two ends as shown at II so that the end of each strand 
comes between two ends from the other cable. Wrap each free end (III) 
around the main conductor and wrap similarly each strand of each con¬ 
ductor in their order going around the joint. Wrap each end around 
as many times as it will go. Each strand should be cut off where it 
meets the next strand to be wrapped, as indicated at IV. The joint is, 
preferably, soldered by pouring, with a ladle, 
molten solder through and over it. Tape 
servings around the joint, to the thickness of 
the insulation on the original wire, complete 
the splice. 

199. The multiple-wrapped cable splice 

(Fig. 26) is made in exactly the same manner 
as is that of Fig. 25 except that the free ends 
are wrapped “all together” in multiple instead 
of separately. 

200. The multiple-wrapped cable tap is 

shown in Figs. 27 and 28. After the com¬ 
ponent wires have been cleaned, the strands of 
the tap cable are equally divided into two portions and bent so that the 
portions form the legs of a V. The apex of the V (Fig. 27) is held 
against the main cable. All the wires in one portion are wound from left 
to right around the main conductor in multiple. The wires of the other 
portion are similarly wound in the other direction. The core wire, and 
possibly some of the inside wires, should be cut away before the wires are 
cleaned so that the splice will not be bulky. 



Fig. 27.—“Fanning” of 
tap cables. 
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201. The split cable tap (Fig. 29) is made in practically the same way 
as is the multiple-wrapped cable tap of Fig. 28, with this exception: First, 


.-Moth Conductor 



Fit*. 2K. — Multiplo-wiap cable tap. 


sMofin Conductor Rubber Insulation 



Fig. 20 —Split cable tap. 





(a)-Mouth Operated Type (b)-Au+omatic Type 

Fig. 30.—Alcohol torches. 

an opening is made in the center of the bared portion of the main cable 
by forcing a screw driver through between its strands. Then the bared 
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end of the tap cable is pushed through this hole. Finally the end strands 
of the tap cable are “made up” around the main cable as in Fig. 29. 

202. Soldering Splices in Small Wires. —Joints made by the splicing 
of small wires (smaller than No. 8) may be soldered with either an alcohol 
torch (Fig. 30) or a soldering copper. Wherever it is feasible, a soldering 
copper should be used. In soldering a joint with a torch, unless great care 
is taken, the insulation and covering of the conductors are liable to be 
ignited. This burning will injure the adjacent insulation and cause a 
thick smoke which blackens any object on which it deposits. 

203. In using a soldering copper, heat it in the flame of a blowtorch. 
To solder the joint, the hot tool is placed under and in close contact with 
the joint. After the joint has become sufficiently hot to melt solder, wire 
solder is held against and is fed into the turns of the joint. After the 
solder has flowed over the entire surface of the joint the iron is removed 
and the joint is shaken to throw off surplus solder. With this method 
there is neither ignition of insulation nor sooty smoke. The soldering 
copper can be used in confined spaces where the use of a torch would be 
impossible. Wires to be soldered must always first be scraped clean and 
bright. Any of the commercial soldering pastes or compounds can be 
used as a flux. 

204. Soldering Splices in Medium-sized and Large Wires. —In solder¬ 
ing splices in stranded wires, a plumber’s fire pot may be effectively used 
for heating the solder. The molten solder is dipped from the pot with a 
ladle and poured over the splice through and around the joint until the 
joint becomes thoroughly hot so that the solder runs freely through the 
strands of the splice and thoroughly permeates the joint. Where possible 
the joint may be held over the plumber’s fire pot during the soldering 
operations so that the molten solder will drain back into the pot. Where 
this is not possible, a second ladle should be held under the joint to catch 
the solder. After the joint has been uniformly heated and appears to be 
tinned over its entire surface, a piece of wet waste can be held on it to cool 
it quickly. After cooling, any sharp projections should be smoothed off 
with a file and fine emery cloth. 

206. Soldering Joints with Split-copper Connecting Sleeves. —The 

connector (Fig. 6) is the split or slotted cylindrical piece that joins the two 



fmgfflwi •—Conductor 

Ftg. 31.—Splicing rubber-insulated conductor with copper sleeve. 


conductors. If necessary, this connector may be pried open at the slot to 
permit placing it over the conductors, but usually it will be possible to 
separate the conductors a sufficient amount to permit slipping the con¬ 
nector over one conductor, then joining the conductors, and sliding the 
connector in place across both conductors so that the assembly of Fig. 31 is 
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produced. See that the connector is closed in maximum contact with the 
conductor, that it is placed concentrically on the conductors with the slot 
in position to receive the solder, and that the conductors are moved 
together, axially, until their ends butt centrally within the connector. 

Before assembling the cables and connector, as described above, clean 
and tin the connector and conductor ends. After assembly, solder each 
connector solidly to its conductor by pouring hot solder over, and into, the 
connector, catching the excess solder in a second ladle held under the joint. 
The intermittent application of soldering flux will expedite soldering. 
When the spaces between the conductor strands and the connector are 
filled to overflowing with solder, fill the slot completely. Permit the 
solder to cool partially and, immediately prior to hardening, remove all 
burrs and superfluous solder by wiping with a piece of clean white tape 
looped around the connector and conductors. After cooling, any sharp 
projections should be smoothed off with a file and fine emery cloth. 

206. A soldering flux removes or prevents the formation of an oxide 
during the operation of soldering, so that the solder will flow readily and 
unite firmly the members to be joined. For copper wires the following 
solution of zinc chloride is recommended by the Underwriters and is good: 
saturated solution of zinc chloride, 5 parts; alcohol, 4 parts; glycerine, 1 
part. Solutions made with acids should be avoided as there is usually 
more or less corrosion in joints made with them. The commercial solder¬ 
ing pastes and sticks give good satisfaction in cleaning joints which are to 
be soldered. 

207. Insulation of Joints in Rubber-insulated Cable.— Remove the 
cotton tape that was wrapped around the tapered ends of the insulation. 
Clean the rubber insulation with a cloth dampened with high-test gasoline 
and allow it to dry. The surface over which the splicing tape is to be 
applied should then be covered with rubber cement and the solvent 
allowed to evaporate until it is quite tacky. The rubber splicing tape 
should then be placed over the joint. Each layer should be applied 
smoothly and under tension so that there will be no air spaces between the 
layers. In putting on the first layer, start near the middle of the joint 
instead of at the end. The diameter of the completed insulated joint 
should be greater than the over-all diameter of the original cable, including 
the insulation. When a standard split-copper connector is used, the 
thickness of applied insulation over the maximum diameter of the 
connector should be at least 50 per cent greater than the thickness of 
the insulation on the original cable as indicated in Fig. 7. Most splicing 
tapes are self-vulcanizing, and therefore it is not necessary to vulcanize 
the joint later. 

208. Insulation of Joints in Varnished-cambric- or Paper-insulated 
Cables. —Varnished-cambric tape of various widths is used for insulating 
these joints. One-half-inch tape is used in the spaces between the cable 
insulation and the connector end; %-in. tape is used to continue the 
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insulating to the original level of the cable insulation. One-inch tape is 
used to complete the insulation of the joint, or, in the case of joints for 
three-conductor, belted-type cables, the over-all of the crotch; 1-in. 
tape is also used either for spacing reinforced conductors, or for binding 
together reinforced conductors in the case of joints for 5-kv., belted-type 
cables. 

Before applying the tape, flush all exposed surfaces of the insulation and 
intervening conductor parts with high-quality Transil oil at 110°C. in 
order to remove all impurities. Also, during the application of the tape, 
all surfaces on which the tape is applied and each layer of tape during 
wrapping, should be flushed with a heavy oil compound applied at a tem¬ 
perature of about 20°C. with a brush that has been cleaned in high-quality 
Transil oil at a temperature of approximately 110°(\ Tape of l 2 - or 
?4-in. width should be applied by drawing it tightly in half-lap wrappings; 
1-in. tape should be applied in butt wrappings. 

The applied tape insulation should be built-up until the thickness of 
insulation over the maximum diameter of the connector or splice is 50 
per cent greater than the thickness of the insulation on the original 
conductor (see Fig. 8). 

209. Portable-cable Joints.—The following instructions in Secs. 210 
to 223 for making joints in all-rubber portable cables have been 
reproduced here through the courtesy of the General Electric Co. 

210. A typical single-conductor, portable-cable joint is shown in Fig. 
32, and the directions to be observed in making this kind of joint are as 
follows, with reference to that figure: 

1. Bring the cables in position for splicing, with their ends overlapping 
a little, and cut the cable ends off squarely. 

2. Remove in. of rubber sheathing from the end of each cable. 
Remove the reinforcing braid for a distance of 2 % in., and remove the 
conductor insulation for a distance of % in. 

3. Pencil down the conductor insulation for a distance of in. This 
penciling should be smooth and even, and can be done best with a sharp 
knife, taking care not to injure the conductor. All of the exposed conduc¬ 
tor insulation should then be made smooth with fine emery cloth in order to 
provide a good surface for the application of the splicing gum, which is to 
be done later. 

4. Wrap the tapered ends of the insulation tightly with dry cotton tapo 
and tie the tape in place. This is to protect the insulation from scorching 
while the connector is being soldered to the conductors. 

5. Assemble the connector in place over the conductor joint. The 
connector should be made of soft-drawn copper strap, % in. wide and 
J ^2 in. thick, and long enough to wrap around the conductor without 
overlapping. Apply a coating of nonacid soldering flux over the surface 
of the conductor and then slide the connector over the conductor; let 
the connector slot come at the top and place it so that the two conductors 
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butt at the center of the connector. Pinch the connector with pliers so 
that it closes into maximum contact with the conductor. Solder the 
conductor fast to the connector by pouring hot solder over the joint until 
it is thoroughly heated and the solder runs freely through the slot and into 
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Fig. 32.—Single-conductor soldered joint in all-rubber portable cable. 
{General Electric Co.) 


the strands of the cable. Solder that collects on the bottom of the 
connector should be brought to the top to fill the slot. Before the solder 
sets, wipe the connector smooth and clean with a piece of cloth. After 
cooling, any sharp projections should be smoothed off with a file and fine 
emery cloth. 









266 


AMERICAN ELECTRICIANS’ HANDBOOK [Div. 2 


6. Remove the cotton tape that was wrapped around the tapered 
ends of the insulation. Clean the rubber insulation with a cloth damp¬ 
ened with high-test gasoline, and allow it to dry. Then apply a coating of 
rubber cement over the entire surface on which the splicing gum 
is to be applied, and allow the solvent to evaporate before applying any 
tape. 

7. Apply the splicing gum and build it up over the rubber insulation to 
a diameter of about in. larger than rubber insulation on the cable, as 
shown in Fig. 32. 

8. Apply one layer of friction tape half-lapped over the splicing gum 
and over the ends of the reinforcing braid, as shown in Fig. 32. 

9. Pencil the rubber sheathing as shown and clean the tapered surface 
and the outside surface of the cable for a distance of at least in. at each 
end with fine emery cloth and high-test gasoline, and allow to dry. 

10. Cover the entire surface of the joint with a coating of rubber 
cement. Be sure to cover all the surface over which the final wrapping is 
to be applied. 

11. After the solvent has evaporated, apply the rubber tape in half¬ 
lapping; build it up to a diameter of about tf 6 in. greater than the diame¬ 
ter of the cable, and let it extend over the surface of the rubber sheathing 
as indicated in Fig. 32, so that the over-all length of the joint will 
be 9 in. 

12. The joint should now be vulcanized in a suitable mold. The inside 
diameter of the mold should be about the same as the diameter of the 
cable. If a steam vulcanizer is used, a steam pressure of about 30 lb. 
should be applied for 15 to 30 min., depending on the size of the mold and 
the joint that is being vulcanized. 

13. To complete the process, cover t he joint with black wax and wipe it 
smooth. 

211. Typical examples of multiconductor, portable-cable joints are 

shown in Figs. 33 and 34. In each case, sufficient rubber sheathing and 
fillers are removed from the cable ends to permit staggering the individual 
splices as shown in Fig. 35, in order to obtain a flexible joint of approxi¬ 
mately the same outside diameter as the cable. The individual conduc¬ 
tors are spliced in the same way as described for single-conductor cable. 
The individual joints, and the ends of the rubber-filled tape, if present, 
are bound with one layer of friction tape, half-lapped, as shown in the 
illustrations. 

In order to maintain the over-all length of the joint within a given 
dimension it is necessary that the first splice be at a certain minimum 
distance from the end of the rubber sheathing. This dimension is given 
in the data accompanying the illustrations. The distance between the 
individual splices is approximately 3 in. 

In splicing Type G cable, exercise care to avoid damaging the ground 
wires. These wires should be bent out of the way until the individual 
conductors are insulated. 
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In splicing Type SH, Class A cable, each of the single conductors must 
be completely shielded; i.e.j the copper-mesh shielding must be carried 
across the joint and soldered. This is shown in Fig. 34. The cable¬ 
shielding braid is removed Y in. farther than the rubber-filled tape on 
each end of each conductor. The remaining braid is then opened and 
turned back Y in., taking care not to loosen the braid farther than this 
point; such loosening is prevented by applying and soldering at this 
point three or four turns of tightly drawn 0.0126-in. tinned-copper wire. 
The by 0.015-in. flat copper braid is then applied half-lapped over the 
unshielded portion of the insulation. The Y in. of cable-shielding braid, 
which was just turned back, is drawn over the 9i-i n --wide shielding 
braid, and the two shields are bound together by continuing the tightly 
drawn butt wraps of 0.0126-in. tinned-copper wire for a total distance of 
% in. The wire should then be soldered to the braid, using a nonacid 
soldering flux; this is necessary because there must be a positive electric 
contact across the joint. In applying the shield, be sure that no gaps or 
openings are left, since the opening in the shielding of one conductor 
might lead to corona. 

Bring the single conductors together with approximately the same twist 
as the rest of the cable. 

In the case of Type G cable, the ground wires should now be cut to their 
proper length. They should be connected in the same manner as the 
cable conductors, and all sharp projections removed. The bare wire must 
he wrapped with friction tape, half-lapped. The ground wire should then 
be placed in the interstices. 

In jointing the shields of Type SH, Classes B, C, and D cable, follow in 
general the same instructions as given for Type SH, Class A; and in joint¬ 
ing the ground wires of Type SH, Classes C and D cable, follow the 
instructions for Type G cable. 

Returning to the instructions for all types, the interstices are then filled 
and the cable made its proper shape by means of a suitable filler. The 
type of filler used depends on the make-up of the cable being spliced. If 
rubber filler is used in the cable, rubber filler should be used in the joint. 
If jute fillers are used in the cable, jute fillers should be used in the joint. 

Rubber filler is applied by placing a coating of rubber cement over the 
entire surface of the individual conductors and filler space and, when the 
solvent has evaporated, laying strips of splicing tape longitudinally in 
the interstices until they are filled completely. 

When jute fillers are used, the individual conductors, the jute fillers, and 
the ground wires, if any, should be covered completely with one layer of 
half-lapped friction tape. The surface of the friction tape should then 
be wrapped with reinforcing cord. Apply the cord in tightly drawn 
wraps spaced Yi in. apart, having a pitch of approximately 2 in. The 
joint should be wrapped first with the pitch in one direction and then with 
the pitch in the opposite direction, thereby obtaining the equivalent of a 
reinforcing braid. Tie the cord firmly at both ends. 
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Dimensions, in Inches, of Multiconductor Cable Joints 

(See Figs. 33, 34, and 35) 

Typo W, 600 volts, 2-, 3-, and 4-conductor 
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The rubber sheathing should then be tapered and cleaned as described 
for single-conductor cable. All the surface that is to be covered with 
splicing gum should be covered with a coating of rubber cement. When 
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Fig. 33.—Joint for multiconduetor Type W and Type G portable cable and 
two-conductor flat cable. {General Electric Co.) 
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Fig. 34.—Joint for Type SH, Class A portable cable. {General Electric Co.) 
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Fig. 35.—Joint for 600-volt three-conductor portable Type W cable, showing 
the staggering of individual splices. {General Electric Co.) 


the solvent has evaporated, wrap the surface with splicing tape to the 
diameter shown in the illustrations. 
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The joint is now ready to be vulcanized. The same vulcanizing process 
is used for both shielded and nonshielded cables. Preheat the vulcanizer 
before inserting the joint and vulcanize according to instructions furnished 
with the particular vulcanizing equipment. If a steam vulcanizer is 
used, a steam pressure of about 30 lb. should be applied for 30 to 60 min., 
depending on the size of the mold and the joint that is being vulcanized. 
It is sometimes necessary to apply a dressing of thin paper to the mold to 
prevent sticking of the rubber. After vulcanizing, the joint should be 
covered with black wax and wiped smooth (see the instructions for 
vulcanizing). 

Where the voltage is 2,500 or above, a feeder cable that contains provi¬ 
sion for a ground connection should be used. The power-line end must be 
grounded to a suitable permanent ground, and the end at the apparatus 
must be grounded securely through a bolted connection to the apparatus 
frame. 

Included in this instruction is one method for making the conductor 
splice. Other methods can be used successfully. Most operating com¬ 
panies have their own ideas as to how these joints should be made. One 
suggestion is added: that the copper splice be made as smooth as possible' 
and as close to the original diameter as practical. 

212. Nonsoldered Joints (for Types of Cable Used in Mines).—These 
instructions apply to those types of all-rubber portable cable that are 
widely used in coal and other mines on such equipment as gathering reel 
locomotives, cutters, loaders, and drills. The types covered are single¬ 
conductor, two-conductor flat (with the conductors side by side), and 
two-conductor concentric (with an inner and outer conductor). 

This method of jointing eliminates solder, and, although it is thus 
particularly applicable to work that has to be done in a mine where the 
explosive hazard is high, it can of course be used for any (600 volts and 
below) job where the omission of solder seems to be justified or desirable. 
This type of connector is useful for emergency repairs, because it is 
simply and easily installed. 

213. Nonsoldered Joint for Single-conductor Portable Cable (refer 
to Fig. 36).—1. Remove the outer jacket and insulation for a distance of 
approximately 5 in. from each cable end. 

2. Overlap the two conductor ends, as shown in the drawing, and 
install two Newberry clamps at the ends of the conductors. 

3. Taper the insulation on each side of the joint, leaving Yi in. of 
bare conductor between the end of the taper and the edge of the connector. 

4. Remove the outer jacket and reinforcing braid to the final dimen¬ 
sions. 

5. Thoroughly clean the surface to which splicing gum is to be applied 
and cover with a coating of rubber cement. Allow the solvent to 
evaporate. 
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6. Apply splicing gum to the dimensions as shown in the drawing 
below. 

7. Cover the splicing gum with one layer of friction tape, half-lapped 
and finally wrapped with reinforcing cord. 

8. Taper the ends of the outer rubber jacket and clean the entire 
surface of the joint. 
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////////« 4 


M 


-/"- 4 + / - 44 '^3m/n^ Newberry damp 
Fig. 30.—Nonsoldeied single-conductoi cable joint. {General Electric Co.) 


9. Apply a coating of rubber cement over the entire joint. When 
the solvent has evaporated, apply the outer jacket with wrappings of 
splicing gum. 

10. Vulcanize the joint. 

214. Nonsol dered Joint for Two-conductor (Flat) Portable Cable (refer 
to Fig. 37).—1. Remove the outer jacket to the dimensions shown in the 
drawing, making an allowance for approximately a 5-in. overlap of the 
conductors. 

2. When the cable is supplied with jute fillers, these fillers should be 
laid back over the cable and reassembled later. 
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Fig. 37.—Nonsoldered two-conductor (flat) cable joint. 


3. Remove sufficient insulation from each of the four cable ends to 
allow installation of the connectors. 

4. The conductors are then connected by overlapping the two ends 
as shown in the drawing, and a Newberry clamp is installed at each of the 
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conductor ends. This clamp has been used very successfully around 
mines for a number of years. 

5. Remove the outer tape or braid to the dimensions shown. 

6. Taper the conductor insulation on each side of the connectors as 
shown in the drawings. 

7. Thoroughly clean the surface over which splicing gum is applied, 
and apply a coating of rubber cement. After the solvent has evaporated, 
wrap splicing gum to a diameter slightly greater than that on the original 
cable. 

8. Cover each insulated conductor with a layer of friction tape half- 
lapped. 

9. If the original cable is supplied with jute or rope fillers, they should 
be replaced in the interstices of the joint. If rubber fillers were used in 
the original cable, they should be replaced by rubber fillers (see standard 
instructions for splicing portable cables in Sec. 211). 

10. After the fillers have been applied, cover the insulated conductors 
and fillers with a layer of friction tape half-lapped and wrap with rein¬ 
forcing cord (see the instructions for the splicing of standard portable 
cables). 

11. Taper the ends of the over-all jacket and thoroughly clean the 
entire surface which is to be covered by rubber tape and apply a coat of 
rubber cement. 

12. After the solvent has evaporated, apply the outer jacket with 
wrappings of rubber tape to the dimensions that are shown on the 
drawing. 

13. Vulcanize the joint. 

216. Nonsoldered Joint for Two-conductor (Concentric) Portable 
Cable (Refer to Fig. 38).—1. Remove the outer jacket to the distance 
shown on the drawing, allowing for the overlapping of the conductors. 
Note that more jacket must be removed from the left-hand end of the 
joint than from the right-hand end. This is necessary to make room 
for connecting the outer conductor later. 

2. Bend back the outer conductor strands as shown in the drawing. 
Do not bend the strands to too short a radius, since if the wires become 
kinked it will be difficult to replace them later. 

3. Remove sufficient insulation from each of the inner conductor 
ends. 

4. Overlap the conductors and apply a Newberry clamp at each end. 
These clamps have been used for years in the mining field with satisfac¬ 
tory results. 

5. Taper the insulation on each side of the conductor joint and 
remove approximately 1 in. of the cable tape or braid, starting at the 
maximum diameter of the taper. 

6. Thoroughly clean the surface over which the splicing gum is to be 
applied and cover it with a layer of rubber cement. 
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7. After the solvent has evaporated, apply splicing gum to the 
dimensions as shown in the drawing below. The diameter of the joint 
insulation should be slightly greater than the diameter of the original 
cable. 

8. Wrap the insulation just applied with one layer of friction tape 
half-lapped. 

9. The outer conductor should now be placed back over the joint. 
The strands should be laid back carefully, approaching as near as possible 
the original lay of the cable strands. 

10. The conductor ends are connected together by twisting the several 
strands together with a pair of pliers. The excess copper is cut off and 
the ends bent parallel to the axis of the cable. Note that these strands 
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are connected together at the long end of the joint where the diameter is 
smaller than it is directly over the inner conductor splice. 

11. Thoroughly clean the entire surface to be covered with tape, and 
apply a coat of rubber cement. 

12. After the cement solvent has evaporated, apply the outer jacket, 
using wrappings of splicing tape. 

13. Vulcanize the joint. 

216. Vulcanizers arc easy to operate and can be used very successfully 
with little experience. These instructions should enable anyone to 
operate the average steam vulcanizer without any trouble. Steam 
vulcanizers are generally shipped without water in the jacket. The user 
should make sure that water is placed in the unit to the proper level before 
the vulcanizer is used. 

Most units are equipped with a relief or safety valve. This valve is 
set to “pop” at a given pressure. This valve can be adjusted by remov¬ 
ing the top and tightening the screw to increase pressure, or loosening 
the screw to lower the pressure. The pressure control can be set to 
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open at from 30 to 65 lb. pressure and to close at from 25 to 60 lb. This 
control can generally be adjusted by tightening or loosening the control¬ 
spring tension in the same way as the relief valve is adjusted. 

The heaters should always be covered with water to prevent their 
burning out. If there is no escaping of steam anywhere, a filling of 
water should last a considerable time, even when used daily. The water 
should normally be checked about once a week. The vulcanizer should 
be placed in a practically level position while the current is connected, 
otherwise the water may drain away from the immersion heaters. 

Most steam vulcanizers are operated with electric heating units, but 
any form of heat can be used, provided it can be carefully controlled so 
that a constant heat is applied to the joint to be vulcanized. Gas 
furnaces and blowtorches have been successfully used. 

217. General Instructions for Operation of Vulcanizers.—Three factors 
are essential for the successful vulcanizing of rubber-jacketed cables: 
time, temperature, and cleanliness. 

218. The time required to vulcanize rubber is approximately 15 min., 
however, this does not mean that any vulcanizing job can be done in 
this time. First of all, the mass of rubber, cable, and copper conductors 
must be brought up to temperature before the cure begins. 

The outer rubber that comes in direct contact with the mold begins 
to cure before the inner mass, but the work must be left in the vulcanizer 
long enough to cure all the rubber. Therefore, the time will vary con¬ 
siderably, depending on the volume to be heated and the temperature of 
the work before it is put into the vulcanizer For instance, in the winter¬ 
time a cable brought into the shop or repaired outdoors will require more 
time than if vulcanized in the hot summertime. Also, a large cable will 
require more time than a small one. With these factors in mind, it is 
readily seen that, owing to varying conditions, a definite time schedule 
cannot be set forth. 

It will be found that in most cases the time will be between 30 and 
45 min., although there are sometimes conditions that require 1 hr. or 
even more, and others that require only 20 min. 

The exact length of time for curing is not known. In the first place, 
there is no positive schedule to follow. After a few jobs are done, the 
time can be estimated. It is best to leave the first few jobs in slightly 
longer than might seem necessary to be sure of a full cure. Then reduce 
the time as you gain experience. An approximate schedule for a novice 
is as follows: 


Cable Size, In. 
y± and smaller 

H-iH 
1H-2K • 

2tf-3... 

3 -3K 


Time, Min. 
...20 
25 
30 
35 
40 
50 
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This schedule is an estimate for complete splices. When only small 
patches are made, the time will be somewhat less, as the small volume 
of rubber and the adjacent old rubber are quickly brought up to tempera¬ 
ture, and may be cured before the mass of cable is fully heated. 

Care must be taken not to undercure a joint, because undercured 
rubber deforms easily and therefore makes a poor joint from the abrasion 
standpoint. A simple method of determining an undercure is to cut in 
two a piece of the surplus fin, and if the fin will stick together where it 
was cut, the joint was undercured. Because the fin is thin, it will always 
cure first. Therefore, the fin might be overcured, but the joint itself 
might still be undercured. 

This indication does not necessarily mean an unsatisfactory job, but 
is simply mentioned as an aid to the operator. 

219. Temperature for Vulcanizing.—The controls on the vulcanizers 
are set to open at from 30 to 65 lb. steam pressure and close at from 25 
to 60 lb. This range under ordinary conditions provides a sufficiently 
accurate temperature for curing the rubber. 

About the only condition that might require any change would be sub¬ 
zero weather during which the vulcanizer itRelf is exposed. In such cases 
the radiation is so severe that it may be necessary to increase the pressure 
by adjusting the control. Since cables are usually repaired indoors, 
however, extremely cold weather is seldom a factor. 

220. Cleanliness in Vulcanizing.—The important reason for vulcaniz¬ 
ing electric-cable splices is to make them watertight and give them 
added strength. Obviously it is necessary for the applied rubber to 
mold into a solid mass and, furthermore, stick to the old cable jacket. 

One of the chief aids in obtaining these results is keeping the work clean. 
Oil or grease is known to be detrimental to rubber, and dust or dirt on 
the surface of the rubber being applied is likely to prevent its molding 
together. When new rubber is applied to the old cable jacket, it must be 
absolutely clean to obtain adhesion. 

221. How to Patch a Jacket.—The amount of work to be done depends 
on the extent of the injury. For instance, a small cut can in many cases 
be patched simply, whereas a severe injury may require the removal of 
the portion of jacket that is injured and replacing this portion with new 
rubber. In any case, thoroughly inspect the conductor insulation at 
the injury to be sure it is not also injured. If it is, the jacket should be 
removed for a sufficient length to repair properly the conductor insula¬ 
tion. It may be necessary to make a complete splice. 

To vulcanize new rubber to old rubber, it is necessary to roughen the 
old rubber and scrape or grind off any old scale or coating at the place 
where the new rubber is expected to stick. The old rubber should also 
be prepared for 1 in. around the injured spot. 

When the jacket must be removed, it will be found easier to clean and 
roughen the cable for about 2 in. each way beyond the portion to be 
removed before cutting it out. 
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There are two kinds of rubber used in the repair of electric cables: 
jacket rubber and insulating rubber. 

The insulating rubber is used only for conductor insulation. The 
jacket rubber is used for all outside work. 

When new rubber is applied to the old, proceed as follows: 

1. Clean and roughen old rubber as described previously. 

2. With naphtha or benzol, thoroughly clean the areas where the 
rubber is to be applied and allow them to dry. 

3. Brush rubber cement over the surfaces to which the new rubber is 
expected to stick, as well as an inch or so beyond. Allow the solvent to 
evaporate. 

4. Apply new rubber, which is supplied in tape form. If the rubber 
is wrapped tightly and evenly, all air is excluded, and the new rubber 
does not have to be built up much larger than the mold. Only a little 
experience is necessary to demonstrate how much rubber to apply. 

5. The repair is now ready to vulcanize. Naturally a suitable mold 
must be on hand. Molds are made in several types and sizes to fit the 
particular joint in question. 

The proper mold should be hot when ready to use. Swab or brush 
sparingly an application of mold dressing in the mold before putting in 
the job. 

Shut mold to within Jb in. of being closed, depending on size of cable, 
and allow to set for about 5 min. to permit the rubber to soften, then 
close mold. When this procedure is followed, there is a better chance of 
filling out low places due to unevenness in wrapping. Furthermore, 
when a complete splice is made, there may be a distortion of core assembly 
if full pressure is applied before the rubber is allowed to soften. 

6. After curing, remove from mold, cut off surplus fins, apply wax, 
and the job is finished. The joint should be allowed to cool somewhat 
before it is removed from the mold. 

222. Temporary Vulcanizing Equipment.—Frequently it is necessary 
to vulcanize a cable joint in the field, and no equipment is available. 
To take care of this condition, temporary vulcanizing equipment can be 
constructed. 

An open-top vat of suitable size should be obtained. This vat should 
be large enough to allow the entire joint to be submerged in the heated 
liquid of the vat when the spliced cable is placed directly over the vat, 
allowing the cable joint to dip into the vat. 

Paraffin is generally used in the vat for the vulcanizing medium, but 
any wax with a high enough boiling point could be used. In no case 
should oil be used. 

After the joint has been constructed in the usual manner, it should be 
placed in a suitable mold. There are a number of different molds that 
can be easily constructed. 

1. Split a piece of pipe which has approximately the same inside 
diameter as the completed splice. The two pieces of pipe should be held 
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tightly on the joint by wrappings of wire or metal tape or standard “U” 
clamps. 

2. In a metal block, drill a hole approximately the same diameter as 
the splice. Split the block in half, and place it over the joint. The two 
halves of the block should be held tightly together by means of bolts or 
acceptable clamps. 

If it is possible, the molds should be heated up to about 275°F. before 
they are placed over the joint. The inside of molds should also be coated 
with an approved mold dressing to obtain the best and most workmanlike 
finished splice. 

223. The procedure to follow in vulcanizing a joint with the equipment 
of Sec. 222 is as follows: 

1. Make up the joint in the usual manner. 

2. Preheat the molds if possible up to 275°F., coat them with a mold 
dressing, and clamp them over the joint. 

3. In the meantime, the paraffin in the vat should be heated and held 
to from 275 to 300°F. by satisfactory heating equipment. Blowtorches 
or gas furnaces can be used for this purpose, or any available heating 
equipment which will hold these temperatures satisfactorily. 

4. Place the joint in the heated paraffin, bearing in mind that the entire 
joint and mold are submerged in the liquid. 

5. Hold the joint in this medium for a period of time depending on the 
size of joint involved and the thickness of rubber to be vulcanized, holding 
the temperature of the paraffin as nearly constant as possible. The 
approximate time required to vulcanize the joint is listed in the steam- 
vulcanizer instructions. The exact time for curing a splice can best be 
obtained by experience with the particular equipment used. 

6. When the splice is cured, it should be removed from the vat and 
allowed to cool for a time before removing the mold. 

It is natural that perfect results cannot be obtained with this temporary 
equipment, but a number of splices have been vulcanized by this method 
and all have operated satisfactorily when properly made. 

The mold dressing generally used is a saturated solution of soap chips. 

224. Terminal connections of conductors should be made by means 
of solder lugs or solderless connectors, except that No. 8 or smaller con¬ 
ductors may be connected to binding posts by means of clamps or screws, 
provided the terminal plates of the binding parts have upturned lugs. 
The upturned plates are necessary so that the wires will not be forced 
out of place as the screw or nut is tightened. 

225. The correct method of “ making-up” a lead wire around a binding 
post is shown in Fig. 39. First, an eye, of such internal diameter that it 
will slip over the post, is bent with the pliers in the bared-and-cleaned 
end of the lead wire, as illustrated at I. Then the eye is dropped down 
over the post (III) in such a position that rotation of the bolt or nut in 
tightening will tend to wrap the eye end around the post rather than to 
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unwrap it. That is, the eye should wrap around the post in a right- 
handed direction, in the same direction as that in which the nut rotates 
while being turned on. If the eye is laid on left-handed as at II, it will 
unwrap and open while the nut is being turned tightly down on it. 



I* Eye Bent in E- Incorrect m- Correct 

Wire End 

Fig. 39.—Showing how a wire should be “made-up” on a binding post. 


226. When soldering wires in terminal lugs, if many lugs are to be 
soldered, a convenient and time-saving method of making the connections 
is to melt a pot of solder over a plumbers' furnace, heat the lug in the 
solder, pour the solder in the hole in the lug and then plunge the bared 
end of the conductor into it, as shown in Fig. 40. The insides of the 



holes of many commercial lugs are “tinned" so the 
solder adheres to them readily. The bared end of 
the conductor should also first be tinned. This 
may be done as follows: The end of the wire is 
carefully scraped with a knife or with a piece of 
fine sandpaper (the sandpaper is best because it 
cannot nick the wire) and then smeared with 
soldering flux and thrust into the solder pot. If a 
soldering stick is used, the wire must be heated in 
the solder before the stick compound will melt and 
adhere. It requires but a short time to tin the 
wire end in the pot. 


Fig. 40.—Soldering Note. —Immediately after the tinned end ia pushed into 

Wire in lug. the hole ill the lug, the lug should be soused with a piece of 

wet waste to cool it rapidly. Scrape or file off any shreds 
or globules of solder that adheie to the exposed surfaces of the lug and brighten it with 


fine sandpaper if necessary. 


227. In “skinning” a wire end which is to be soldered into a lug, the 

insulation should be cut back just far enough so that it will abut against 
the shoulder of the lug, as suggested in Fig. 41, I. The appearance is 
very unsightly and indicates careless work if there is a gap between the 
shoulder and the insulation, as at II. If, because of some mishap there 
results a connection which has the appearance of II, a partial correction 
can be made by filling the gap with servings of tape, as shown at III. 
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The tape of the standard %-in. width should be torn into strips about 
34 in. wide before applying. 

228. Only enough molten solder should be poured into the hole in the 
lug to fill it almost to the brim when the conductor is in position. If too 
much is poured in, it will be squeezed out by the wire and will flow over 
the lug. It must then be removed at a sacrifice of time. 



I Corrcct Method II Incorrect Method 

Fig. 41.—Finished connect ions. 


Hi-Correct Jon Of 
Fault With Tape 


229. To insure proper adhesion between wire, solder, and lug the 
temperature of all three must be above the melting point of solder when 
they are brought together in soldering. If this condition is not fulfilled, 
only a good friction fit of all three parts will result. Such a friction fit 
does not afford a good electrical connection. To secure maximum 
mechanical strength and electrical conductivity, it is absolutely essential 
that the solder be maintained at the melting point until it has thoroughly 
permeated the interstices of the conductor. 

230. The wire terminal and lug should be held in the molten solder 
until they acquire the temperature of the solder. To prevent adhesion 
of solder to the outside of the lug a light oil or possibly soft soap should 
be applied to its outer surfaces. Be careful to see that no oil is permitted 
to reach the inside of the lug. It will be found advisable, when holding 
the bared ends of heavy conductors in the solder pot, to wrap the insula¬ 
tion with a rag previously wrung out in cold water to prevent, insofar 
as is possible, the melting of the insulating compound and the consequent 
smearing of the terminal. Any such smearing will not impair the 
effectiveness of the joint if it is properly made, though it will detract 
from the appearance of the finished job. 

231. Another method of soldering wires in lugs is to heat the lug with 
a blowtorch flame. When the lug is sufficiently hot, wire solder is fed 
into the hole. The solder melts and the bared conductor end is then 
thrust into it, as above described. However, the use of a blowtorch in 
this way should be avoided if possible, as it blackens the exposed surfaces 
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of the lug. A cleaning with fine sandpaper is then necessary, and it 
requires considerable time. 

232. Some suggestions for handling blowtorches are: Only the very 
best grade of gasoline should be used, and it must be clean and kept in a 
clean can, otherwise the burner will become clogged. Never try to fill 
a torch from a big can. A pint or quart receptacle should be used for 
this purpose. If this is done, the torch can be held in one hand and filled 
with the other without danger of overfilling or spilling. The torch should 
be a little more than two-thirds full, so that there will be room for suffi¬ 
cient air to prevent the necessity of frequent repumping to maintain the 
pressure. See that the filler plug is closed tight, to prevent the escape 
of air from tank. The fiber washer under the plug must be replaced 
when worn out. Common washing soap rubbed into thread and joints 
will stop leaks. The pump should be in good working order; a few drops 
of lubricating oil well rubbed in will soften the pump washer. Do not 
turn the needle valve too tight, as there is danger of enlarging the orifice 
of the burner. See that the burner is sufficiently heated when starting. 
One filling of the drip cup is generally sufficient if the flame is shielded 
from draft while heating the burner; if it is not, fill the cup again and light 
the gasoline as before. A long or yellow flame or raw gasoline shooting 
from the burner shows that the burner is not hot enough to properly 
generate gas. When a gasoline torch is used, as much as 90 per cent of 
its heat may be dissipated, without doing any work whatever. When 
performing most blowtorch operations, a great part of this heat may be 
readily saved by making a shield of sheet iron or asbestos to direct the 
heat to the object to be heated. 

233. Use of Solderless Connectors.—The use of solderless devices to 
provide the required mechanical and electrical connections between con¬ 
ductors is often advisable in place of the jointing methods previously 
described. Likewise, the fastening of lugs to cable ends may be accom¬ 
plished by solderless connectors in place of the molten-solder method. 

A wide variety of mechanical solderless connectors are used for practi¬ 
cally all conditions where mechanical and electrical connections between 
two conductors are necessary. Many purchased pieces of equipment are 
being equipped with solderless terminal devices. Some are of the type, 
particularly in the smaller sizes, where the solderless connector forms an 
integral part of the equipment. Other pieces of equipment employ 
solderless connectors that are removable in a manner comparable to the 
ordinary solder lug. 

Solderless connectors permit rapid connection to conductors and 
eliminate the human element in the making of satisfactory soldered 
contacts. They are, however, somewhat more expensive than conven¬ 
tional devices used where solder is employed. 

When employing solderless connectors, it is very essential to select 
devices which meet the following fundamental requirements: 
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1. Ample contact area between wire and device. 

2. High contact pressure. 

3. Ability to maintain high contact pressure permanently. 



E£- Completed Connection 
after insulating Joint 


I-Method of Installation 

Fig. 42.—Solderless connector of split tapered-sleeve type for connecting 
small wires. ( Thomas & Betts Co.) 



Fig. 43. —Solderless connector of Fig. 44. —Solderless lugs of split 
split sleeve type for making straight tapered sleeve type for small wires, 
joint in small wires. (Thomas & (Thomas cfe Betts Co.) 

Betts Co.) 

A joint or tap connection made with a solderless device may be insu¬ 
lated in the same general manner as a soldered joint, or special insulating 
covers may be employed. 
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I - Lug 



II" Single Conductor 
Straight Joint 



HI-Two Conductor Straight Joint 

Fig. 45.—Soldeiless connectois and lug of split tapered-sleeve tvpe for small 
vuies (National Electric Products Corp ) 


CONTACT NUT 
At the start the nut 
engages sufficient threads 
to insure proper thread 
gnp, and the wire opening 
is targe enough to permit 
easy entrance Screwed 
beyond this point the slotted 
nut closes in on the wire 


Tapered threads 
provide positive locking 
action Scruwedge 
connection wdlnot loosen 



Fig. 46.—Principle of split tapered sleeve, soldeiless lug. (National Electric 

Products Corp.) 
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284. Many different types of solderless devices are available to meet 
the requirements for making almost any type of joint, tap, or terminal 
connection. The two most common types are (1) the pressure washer 


Bevel* 



Fig. 47.—Assembling split tapered-sleeve lug. (National Electric Products 

Corp.) 



Fig. 48.— Tightening split tapered-sleeve lug. (National Electric Products 

Corp.) 

and nut type, and (2) the type employing a split tapered sleeve. Several 
types of solderless connectors, taps, and lugs are illustrated in Figs. 42 
to 52. 
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236. Splices in bare copper aerial conductors may be made by means 
of a soldered splice as shown in Fig. 53, by means of a solderless splicing 
sleeve as shown in Fig. 54 or by means of a rolled or drawn copper con¬ 
nector as shown in Figs. 55 and 57. A soldered splice should be mechani- 


Ampfe Clearance^ 
provides wide 
Take-Up 

Conical Hole , 
in Yoke 


Tapered Nuf 
(Slotted) 

Conical Hole "" 
in Body 



Fig. 49.- 


Tapered 
Head Bo ft 

-Pressure washer and nut type of solderless conneetor. 
Electric Products Corp.) 


(National 




(c)-Thomas and Beits Co. 

Fig. 50.—Solderless lugs of pressure washer and nut type. 


cally and electrically secure before solder is applied. There should be 
at least five turns in the neck of a splice to ensure that the unsoldered 
splice will be as strong as the wire of which it is made. All splices in 
wires which carry electricity should be soldered in the neck. It is not 
always necessary to solder the end turns. 

Joints made with seamless solderless splicing sleeves (Fig. 54) are 
generally considered to be more reliable than soldered joints. The 
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Jig 51 —Solderless lug connectoi of pressure washer and nut type (Thomas 

& Betts Co ) 



I-Assembled before H- Joint Complete 

being Insulated with Insulating Cover 

Fig. 52 —Solderless tap connector of combined split tapered sleeve, and pres¬ 
sure washer and nut type. (National Electric Products Corp ) 


cr : - - 

Oval Single Tube Type 



Fig. 53.—Bare copper, line wire 
splice. 


Double Tube Figure 
Eight Type 



Completed Joint- 

Fig. 54. —Splice made with Mc- 
Intire sleeve. 
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sleeves are made of high conductivity copper and may be of the double 
tube figure-eight type or of the oval single-tube type. These sleeves are 
sometimes called Mclntire sleeves. In making a splice, the sleeve should 
be twisted with long-handled tongs for 31^ or 4 turns in a direction so 
that the helix of the twisted sleeve will be in the opposite direction to the 
lay of the strand. 

A splice of the highest grade is undoubtedly made with a rolled or 
drawn seamless connector. The drawn connector will produce a splice 
of the lowest resistance and highest tensile strength. The rolled seamless 
connector consists of a piece of seamless copper tubing with an inside 

r~ . •) 

I- Connector 



H-Assembly of Connector and Cables 



c= C 

Completed Joint 

Fig. 55. Rolled seamless connectoi for hare coppei wiu*. (Anaconda Win 

and Cable Co.) 

lacquered surface. Embedded in the lacquer arc hard carbon particles 
that lock both ways on the conductor and in the connector as the con¬ 
nector is rolled on the wire. The connector is rolled on with a simple 
tool, which exerts heavy pressure, fitting the wire so tightly that internal 
corrosion is prevented, and therefore the ohmic resistance of the splice 
remains constant. Rolling the connector works the metal so that it is 
hardened and lengthened to give a long, sure grip on the wire. 

Figure 55 illustrates the connector, assembly of joint, method of rolling, 
and finished joint. The rolling tool employed is shown in Fig. 56. 

Drawn seamless connectors consist of a short piece of seamless copper 
tubing with its center reduced for a short distance to a diameter slightly 
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less than that of the die to be used in making the splice. The conductors 
to be joined are inserted the full length of the opening in each end of the 



Fig. 56.—Rolling tool fot applying rolled seamless conneetois. {Anaconda 
Win and CabU Co.) 



I* Connector before Drawing 



E-Drawing of Connector 



HI- Completed Joint 

Fig. 57.~ Drawn seamless copper connectoi for bare copper wuc. (Anaconda 
Win and Cable Co.) 


connector. The connector is made large enough to fit easily over the 
conductor ends. The connector is com- 

pressed radially over the conductor by - - 

means of a split die started at the re- ^ 

duced portion of the connector and Tape Serving- 

drawn over each end in turn. Figure Fl °- 58,—Westei n Umon sphre 
r _ . . .* . , insulated with tape. 

57 illustrates the connector, assembly of 

joint, method of drawing, and finished joint. 


sisi**-* —‘ 

Two Layers' 'Rubber Tape \ Braiding 

Friction Tape Insulation Seamless Sleeve 
Fig. 59.—Splice in covered conductor. 


236. Splices in covered aerial conductors are made in the same manner 
as for bare aerial conductors of the same material. The splice may be 
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covered simply with friction tape as shown in Fig. 58, but it is preferable 
to apply rubber tape covered with two layers of friction tape as shown 
in Fig. 59. 

237. Splices in steel, or copper and steel, stranded cables are generally 
made with seamless solderless splicing sleeves in the same manner as 
described in Sec. 235 for bare copper wires. Steel sleeves are used for 
all-steel wires, and either copper or steel sleeves for the combination 
cables. 

238. Splices in copperweld, or copperweld and copper, cables are made 
in the same manner as for bare copper wires discussed in Sec. 235. Two 
sleeves should be used for making each splice in extra-high-si rength 
cable. 

239. Splices in all-aluminum cable, or aluminum cable, steel-rein¬ 
forced, arc made by means of twisted soJderless oval sleeves or solderloss 
compression sleeves. The former joints arc made with oval single-tube 
sleeves of seamless aluminum similar to the copper sleeves used for splic¬ 
ing copper wires as shown in Fig 51 For all-aluminum cables, one sleeve 


EZH = ' 

Fkj. GO.—Twisting wieneli for applying aluminum twisting sleeves. ( Alu¬ 
minum Co. of Amirica.) 






is sufficient for each joint. For aluminum cable, steel reinforced, two 
sleeves should be used for each joint, except for Nos. 8 and 7 cables, 
where one sleeve is sufficient. Two twisting wrenches (Fig. 60) are 
employed for twisting the sleeve and cable into the finished joint. The 
wrenches should be rotated in a clockwise direction when facing the 
mouth of the sleeve. Before making the joint be sure that the inside of 
the sleeves and the ends of the cable are perfectly clean and free from 
dirt and grease. The following methods of making the joints are recom¬ 
mended by the Aluminum Co. of America. 

1. For aluminum cable, steel-reinforced (ACSR), sizes 4/0 to 1/0, give 
each sleeve 4^ complete twists distributed as shown in Fig. 61. This 


| hLength \ r /j Length | '/j Length \ \ ’/j Length | '/j Length | '/jLength I 
I 1 Twist j /^Twists \2Tw/sts j \27w/sts \ J^Twtsts | /Twist \ 



I I 

Fig. 61.—Joint for ACSR cable sizes 4/0 to 1/0. 


Sth j 6 th. 

(Aluminum Co. of America.) 


requires setting one wrench at the inner end of each sleeve and setting 
the other wrench three times progressing toward the outer end of each 
sleeve. Make these in the order shown in the illustration. At the ends 
of the joint the wrench should not be less than K in. from the end of the 
sleeve. 
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2. For aluminum cable, steel-reinforced (ACSR), sizes 1 to 6, give each 
sleeve four complete uniform twists as shown in Fig. 62. This requires 
one setting of the twisting wrenches at the ends of each sleeve. The 
wrenches should not be less than J4 in* from the end of the sleeve. 



Fig. 62.—Joint for ACSR cable sizes 1 to 6. ( Aluminum Co. of America.) 


3. For twisting joints consisting of a single sleeve, as used on all- 
aluminum cables and sizes 7 and 8 ACSR, give the middle third as many 
complete twists as it will stand (from 2 to 3^ depending upon the size 
of cable and length of sleeve). Then give each end third length one com¬ 
plete twist. 

240. Compression joints on all-aluminum cable are made by com¬ 
pressing a seamless aluminum sleeve (Fig. 63) over the butted ends of 
the two cable lengths. A portable hydraulic compressor and dies are 
required for making these joints. The following method of making a 
joint is recommended by the Aluminum Co. of America. 

1. Impregnate the cable ends thoroughly with red-lead paint (red 
lead and linseed oil) by dipping them in a bucket of paint a little deeper 
than one-half the length of the joint. 



Fig. 63.—Seamless aluminum sleeve for compression joint in all-aluminum 
cables. (Aluminum Co. of Amt rica.) 

2. Slip the cable ends into the joint, taking care that they meet exactly 
at the middle. 

3. Compress the joint, starting at the center and working toward the 
ends, allowing dies always to overlap previous position. 

For old or blackened cable, each strand should be scraped or sand¬ 
papered clean. The bore of the joint is large enough to make it easy to 
insert the end of the cable after the strands have been opened up, cleaned, 
and rearranged. 

In making a repair joint between a piece of new cable and a piece of 
old cable, the most convenient method is first to run the end of the old 
cable clear through the joint, then open up and clean the end of each 
strand for a distance equal to one-half the length of the joint. Replace 
the strands, impregnate with red-lead paint, and pull the cable back until 
the end is exactly in the middle of the joint. Then insert the new cable 
at the outer end of the joint after first removing grease from the strands 
and impregnating with red-lead paint. 

241. Compression joints for most aluminum cable, steel-reinforced, 
consist as illustrated in Fig. 64 of a steel compression sleeve (item 1) on 
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the steel core, and an aluminum compression sleeve (item 2) on the com¬ 
plete cable. The over-all compression sleeve is fitted with two holes 
through which a heavy red-lead filler is injected. The holes are sealed 
with aluminum plugs (item 3). The following method of making a 
joint is recommended by the Aluminum Co. of America. 

1. Before applying the joint see that its bore and the ends of cable to 
be jointed are free from grease and dirt, t.e., thoroughly dean. 

2. Slip the aluminum compression joint over one cable end and back 
out of the way along the cable. 

3. Using a hack saw, cut off the aluminum strands, exposing the steel 
core for a distance of a little more than half the length of the steel com¬ 
pression joint. Use care not to nick the steel core with the saw. Before 
doing this serve the cable with wire just back of the cut. 

4. Insert the steel core into the steel compression joint, bringing the 
ends exactly to the center. 


r s^SSSS{{ £S^SA/SSS//S//SSS?//S SS/f f. 

''"After Compression 


2' *• Before Compression 


Fig. 64. —Compression joint for ACSR cable. (Aluminum Co. of America .) 


5. Compress the steel compression joint, beginning at the center and 
working out toward the ends, allowing dies always to overlap previous 
position. 

6. Remove serving from the cable and slip the aluminum compression 
joint up over the steel compression joint. Center the aluminum joint 
by sighting the ends of the steel joint through the filler holes in the 
aluminum joint. 

7. Using a calking gun ( l 4-in. round nozzle, maximum), inject heavy 
red lead (approximately 93 per cent red lead, 7 per cent linseed oil by 
weight) through both holes provided in the aluminum joint until the 
space between the aluminum joint and the steel joint is completely 
filled. This can be observed through the filling holes. 

8. Insert the aluminum plugs in the filler holes and hammer them 
firmly in place. They will be completely locked during compression. 

9. Compress the aluminum compression joint, starting at the center 
and working toward the ends, allowing dies always to overlap previous 
position. 

Some types of aluminum cable, steel-reinforced, have such a large per¬ 
centage of steel that the steel compression sleeve of the above joint has a 
larger diameter than the complete cable. This necessitates the use of the 
joint shown in Fig. 66. One end of the over-all aluminum sleeve is 
counterbored so that this end of the aluminum sleeve can be slipped 
over the steel sleeve. The space between the counterbore and the cable 
is filled with a third aluminum sleeve (item 4). The procedure in making 
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such a joint is in general the same as previously described. It is self- 
evident, however, that the j aluminum joint (item 2) must be slipped 
over the cable with that end which has the smaller bore first. Also the 
sleeve (item 3) must be slipped on the other end of the cable; both before 


TTtrrttfl 7 fsV/s/ssssss/ssssssss' 
ysssi/sssssssssssssssssss*' 


]/ 2' ''Before Compression 

Fig. G5. —Compression joint for ACSR cable with large steel core. (Alu¬ 
minum Co. of America.) 


the steel joint (item 1) is applied. After the steel joint is applied and 
before the aluminum joint is slipped into place, the sleeve is slipped 
along until flush with the ends of the aluminum strands. Otherwise the 
procedure is the same as previously described for making compression 
joints in aluminum cable steel-reinforced. 
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TYPES OF CIRCUIT 


1. A series circuit is one in which all components are connected in 
tandem as in Figs. 1 and 2. The current at every point of a series circuit 
Push-Button 


r Cell' i Citric BetIs.. K 

<1 


111 _ [M Vforvtting Type ''Single-Stroke Typ» * 
Fm. 1.—Series electric-bell cir¬ 
cuit. 


, Series Lighting Circuit 



f • Constant Current Transformer 

' Constant Potential Supply Circuit 
Fig. 2.— Series street-lighting circuit. 


.[Elect ric's. 

-\ dells H 


is the same. Series circuits find their most important commercial applica¬ 
tion in series street lighting. They are seldom if ever used in this country 

for the transmission of power. 

. . . . 2. Multiple, parallel, or shunt cir- 

' < s"cef{ / El deUs C '^-cuits are those in which the components 
?. /—( s —**’ are 80 arran 8 c d that the current divides 

fall between them (Figs. 3 and 4). Com- 

— ryjjn] myrn ! t]TT| mer cially, the distinction between 

.Hi. I mill Lilli multiple and series circuits is that in 

aa-* j+V ___ series lighting circuits the current is 

Fig. 3. —Electric bell* in parallel. mai " tained COn f ant and the generated 

e.m.f. varies with the load, whereas with 
multiple circuits the current through the generator varies with the load 
and the generator e.m.f. is maintained practically constant. 


Ife 

si 



11 

1 
jad - 1 rfc 

11 

A_a 

1 In 
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Fig. 3.—Electric bells in parallel. 







, «-—Generate 'Jnccinolescent Lumps 

Fig. 4.—A multiple circuit for light and power. 

3. Adding receivers in parallel on multiple circuits’ is really equivalent 
to increasing the cross section of the imaginary conductor formed by all 
the receivers in parallel between the + and the — sides of the circuit. 
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4. The distribution of current in a multiple circuit is shown in Fig. 5. 
Motors, heating devices, or other equipment requiring electricity for their 


6'Amp ' ! S Amp. j 4Amp. J 2 r Amp. j lAmp' T t 

|r~C5r~l mvolts lAmp.<(^2lmpr:Q$^IAmp/j^iAmp*[(j& ^ 

' 6 t Amp. m 1 5 Amp 1 4 Amp. 2'Amp. 1 !Amp. { [ 1 

Fig. 5.—Multiple-circuit currents. 

operation could be substituted for the incandescent lamps if the proper 
current values were substituted for those shown. Note that the current 
in the main conductors Railway Car 

decreases toward the end j" ~ ~ ~ ^ ~ ~ ~ 1 

of the run and that the 3rd Ron/. J Lamps J.. | 

current supplied by the --°-^-o- j 

souree—the generator— U4-U-U-1 __fL_J 

is equal to the sum of the / rtf-H f j-f t _ 

currents required by all Track Rail 

the components The Fig. 6.—Multiple-series circuit supplying lamps 
voltage at the end of the on a railway car ‘ 

run is less than that at the generator. 

6. A multiple-series or parallel-series circuit consists of a number of 
minor circuits in series with each other and with several of these series 
circuits then connected in parallel, as shown in Figs. 6 and 7. 

^ Trolley Wire _ 

-T Pantograph ~ ; 


Track Rail 

Fig. 6.—Multiple-series circuit supplying lamps 
on a railway car. 
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The motors on railway cars which operate from a 3,000-volt d-c, overhead 
trolley wire are usually connected 2 in series so that the voltage per 
motor will be only 1,500 volts (see Fig. 7). 

6. A series-multiple or series-parallel circuit is one wherein a number of 
minor circuits are first connected in parallel, and then several of the 
parallel-connected minor circuits are connected in series across a source of 
e.m.f. as in Fig. 8. This method of connection is seldom used. (There 
appears to be a difference of opinion as to what constitutes a series-multi¬ 
ple and what a multiple-series circuit. The definitions of Secs. 6 and 6 are 
in accordance with the practice of the General Electric and Westinghouso 
companies.) 

7. A divided circuit (Fig. 9) is really one form of a multiple or parallel 
circuit. The distinction between the two sorts 
appears to be that, as ordinarily used, the term 
“divided” refers to an isolated group of a few con¬ 
ductors in parallel rather than to a group of a large 
number of conductors in parallel. 

8. The Joint resistance of a number of conductors 
in parallel can be computed with the following 
formula. There should be as many terms in the 
denominator of the formula as there are conductors in parallel. 

1 (1) 


: S0hmS’r, 

A J w wvw\ a 

1 10 Ohms 

^•15 Ohms-r 3 
WMWW/WW\y 
Fig. 9.—A divided 
circuit. 


Ji = 


- + - + - + -> 
»*1 r 2 r z r A 


etc. 


Example .—What is the joint resistance of the conductor in the divided circuit shown 
in Fig. 9? In other words, what is the resistance from A to B ? 

Solution .—Substitute in the formula 


R = 


1 


I + ! +1 +1 + JL 

n rt T n 5 T 10 n 15 


± + J. i 

•in 1 *2t\ 1 


IT “ 1 x II = 2,73 olims 


9. Multiple circuits are employed for the distribution of electrical 
energy for all lighting and power work with the exception of street lighting, 
where series circuits frequently are used. 

10. The complete electric system from the generating plant to the 
particular piece of equipment utilizing the electrical energy for heating, 
lighting, power, etc., may be divided into three main parts. These are 
the transmission system, the distribution system, and the interior wiring 
in the building where the energy is utilized. Two simple complete 
electric systems illustrating the component parts are shown in Figs. 10 
and 11. All wires of a circuit are represented for simplicity by a single 
line. Voltages commonly used for the different parts of the system are 
indicated on the figures. In the system shown in Fig. 10 the electricity is 
generated as alternating current at 2,300 volts. At the generating sta¬ 
tion it is stepped up to 44,000 volts and transmitted at this voltage over 
the transmission system to the substation. In the substation the energy 
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is converted by means of a rotary converter to direct current From the 
substation the energy is distributed over two distribution systems to the 
different buildings One of these distribution systems is two-wire, 230- 
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| 230 volts 
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HOOOvoJ 0 ^^ [ Distribution j 
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Center 



Individual Building 
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10 —Simple complete electric system generating and transmitting 
alternating current distributing direct cunent. 
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11 —Simple complete electric system generating transmitting and 
distnbuting alternating current 



Fig 12—Diagiam illustrating circuit nomenclature 


volt direct current for the motor load, and the other is three-wire, 115- to 
230-volt direct current supplying the energy for lighting In the system 
of Fig 11 the energy is generated, transmitted, and distributed as alter¬ 
nating current throughout 
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11. A feeder (or feeder circuit) (Figs. 12 to 14) is a set of conductors in a 
distributing system extending from the original source of energy in the 



Fig 13.— Examples of feeders, 
mams, and branches 


installation to a distributing center 
and having no other circuits con¬ 
nected to it between the source and 
the centei. The source may be a 
generating station or a substation or, 
in the case of building or house 
wiring, a connection to the service 
conductors from the street (see Figs 
12, 13 and 14). 

12. A subfeeder is an extension, 
fed through a cutout, of a feeder or 
of another subfeeder, from one dis¬ 
tributing center to another and 
having no other circuit connected to 
it between the two distributing 
centers A subteeder is a sort of tie 
line (see Figs 12 to 14). 

13. A main (Figs. 12 to 14) is any 
supply circuit to which other energy- 
consuming circuits (submaino, 
branches, or services) are connected 
through automatic cutouts (fuses or 
circuit bieakers) at different points 
along its length and which is of the 
same size wire for its entire length 


and which has no cutouts in series w ith it for its entire length Where a 


main is supplied by a feeder, the main is frequently of smaller wire than the 
feeder which serves it. An enoigy-utihzing device is never connected 


directly to a main, a cut¬ 
out always being interposed 
between the device and the 
main. 

14. A submain (Fig. 12) 
is a subsidiary main, fed 
through a cutout from a 
main or from another sub- 
main, to which branch 
circuits or services are con¬ 
nected through cutouts. A 
submain is usually of 



smaller wire than the mam or other submain which serves it. 


16. A branch or branch circuit (Fig 12) is a set of conductors feeding, 
through an automatic cutout (from a distribution center, main, or sub- 
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main) to which one or more energy-consuming devices are connected 
directly, i.e ., without the interposition of additional cutouts. The only 
cutout associated with a branch is the one through which the branch is 
fed at the main, submain, or distribution center. 

16. A tap or tap circuit (Fig. 12) is a circuit which serves a single energy¬ 
utilizing device and is connected directly to a branch without the inter¬ 
position of a cutout 

17. A distributing or distribution center in an electrical-energy distribu¬ 
tion system is the location at which a feeder, subfeeder, or main connects 
to a number of subordinate circuits which it serves. The switches and 
automatic cutouts for the control and protection of the subcircuits are, 
usually, grouped at the distributing center. In interior-wiring parlance, a 
distributing center is often an arrangement or group of fittings whereby 
two or more minor circuits are connected at a common location to another 
larger circuit. A panel box or a group of porcelain cutouts is a distribut¬ 
ing center (see Fig. 12). 

18. A service is the conductors and equipment for delivering electric 
energy from the secondary distribution or street mam, or from a distribu¬ 
tion feeder or from the transformer, to the wiring system of the premises 
served. 

A service cable is the service conductors made up in the form of cable. 

Service conductors are that portion of the supply conductors which 
extends from the street main or duct or from transformers to the service 
equipment of the premises supplied. For overhead conductors this 
includes the conductors from the last line pole to the service equipment. 

A service drop is that portion of overhead service conductors between 
the pole and the first point of attachment to the building. 

Service-entrance conductors are that portion of service conductors 
between the terminals of service equipment and a point outside the 
building, clear of building walls, where they are joined by tap or splice to 
the service drop or to street mains or other source of supply. 

Where service equipment is located outside the building walls, there 
may be no service-entrance conductors, or they may be entirely outside 
the building. 

ARRANGEMENT OF CIRCUITS 

19. Arrangement of Circuits. —In each of the three component parts of 
the electric system (see Sec. 10) the circuits may be arranged in one of 
various ways and in some cases in a combination of two or more ways. 
These different arrangements may be classified as follows: 

1. Radial. 

2. Radial group. 

3. Tree. 

4. Combination of radial group and tree. 

5. Ring or loop. 

6. Network. 
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. Sub-Distribution Center 




Main 
Distribute 


k Branch Circuit X 


20. In a radial layout of the circuits, an individual circuit is run from 
the source of supply for this particular part of the system to each individ¬ 
ual load for this particular 
part of the system. Circuits 
arranged in this manner for 
distributing the electrical 
energy to motors inside a 
building are shown in Fig. 
14. The radial arrange¬ 
ment of circuits is used very 
seldom. Sometimes it is 
possible to employ it under 
the following conditions: in 

v i r t> j , i , , . interior wiring for supplying 

Jig. 15.—Radial-group layout of circuits. . . . 

large motors, in transmission 

systems for supplying scattering groups of loads, and in distribution 

systems for supplying large r rx ^ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ 

industrial plants. ^ Q 9 Q t 

21. A radial-group system v I I 9 T ^ 

of laying out the circuits M O O I I ^ 

(Fig. 15) is similar to the Service^ ^ £ Branch Circuit^ (J) ^ 

radial system except that q Q M £ for ^ 

there is a separate feeder for i \ Q O *9 £ 

each group of loads instead ^ I I T I ^ 

of a separate circuit from ITiT—T1 

the source of supply to each vl ® 

individual load. All the ~ ip ^ 
individual loads supplied by 

any one feeder are tapped off from the feeder at one common point called 

the distribution center. 

~ This arrangement of circuits 

S m ’ ^ is f requently used for interior 

Cr / \ D ^ wiring supplying motor 
J \ i loads, and occasionally for 

9 ^ ^ lighting also. Sometimes it 

rcu * t is employed in the distribu- 

o n o 

x tion system. 

q\q\ ^ 22. In a tree arrangement 

of the circuits a main is run 
from the source of energy, 

Fig. 1 7 s—Com bination of radhd-^up and with the different loads tap- 
tree layout of circuits. ped on at various points 

along the circuit (Fig. 16). 
Such a system is generally employed for distributing the power to motors 
in the interior of buildings of mill-type construction. It is also the 
method most frequently used by central-station companies for distribut- 


-Tree layout of cucuits. 


Branch Circuit 


Mam--' 

Distribution 

Center 


Fig. 17.—Combination of radial-group and 
tree layout of circuits. 
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ing the energy to consumers in residential districts. Large industrial 
plants frequently have the circuits which distribute the energy from the 
substation to the different buildings laid out according to the tree 
arrangement. 

23. Many wiring systems are a combination of the tree and group 

systems of arrangement. As in the tree system, loads are tapped off at 
various points along a main which is run from the source of supply. The 
loads are divided into several groups, a group of loads being tapped off at 
a common point on the main (see Fig. 17). Most interior-lighting 
installations are laid out in this manner. Also, it is generally used for the 
layout of the circuits in interior wiring for motors with the exception of 
buildings of mill-type construction. Frequently, systems of this general 
nature are employed in large industrial plants for the distribution system 
from the substation to the different buildings. 



24. With the ring or loop system, a main is run in the form of a loop 
from the source of supply around a certain area and back to the source of 
supply so as to form a closed ring (see Fig. 18). Such a system sometimes 
is used in both the transmission and the distribution portions of the system 
and, occasionally, for supplying motors inside industrial buildings. 

25. The network arrangement is really an elaborate loop system con¬ 
sisting of a loop tied together at intermediate points. It is the method 
most frequently employed by central-station companies in their trans¬ 
mission systems and for distribution systems in heavily loaded districts. 


ELECTRICAL SYSTEMS 


26. Electrical Systems. —There are several systems that may be us@d 
for distributing electrical energy over the various arrangements of circuits 
previously described. They are as follows: 
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1. Direct-current, two-wire (Fig. 19). 

2. Direct-current, three-wire (Fig. 20). 

3. Single-phase, two-wire (Fig. 19). 

4. Single-phase, three-wire (Fig. 20). 

5. Two-phase, four-wire (Fig. 22). 

6. Two-phase, three-wire (Fig. 23). 


7. Two-phase, five-wire 
(Fig. 24). 

8. Three-phase, three- 
wire (Fig. 25). 

9. Three-phase, four- 
wire (Fig. 26). 



Fio. 19.—Two-wire system (direct-current or single-phase). 


10 Lamps 



O-BALANCED LOAD 



If - UNBALANCED LOAD 



C- UNBALANCED LOAD 

Fio. 20.—Three-wire system (direct-current or single-phased 
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Fig. 21. —Three-wne convertible system (dnect-current or single-phase). 
a. Connections when opeiatmg three-wire. b. Connections when operat¬ 
ing two-wne. It is impoitant, m the case of arc lamps and Cooper Hewitt 
lamps, that they shall all be connected on the side of the cncuit which does 
not reverse polarity when operating two-wne. 


30 Amp. IS Amp 




a-BALANCED LOAD 



Fig. 23. —Two-phase, three-wire system. 
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{20 Amp. 

. i r ,r ' , * -r 

^ 20 Lamps f 

© ! 1 Amp.eachf 

*" '?rAm n \ ''•Sr 



It is generally not 
good practice to supply 
lamps and motors from 
the same circuit (unless 
the motors are small, 
fractional-horsepower 
sizes) for the following 


il; j(5 7?fulS^ch h When motors are 

Neutral ^ ill fcr-* lQ Am P 1 20 Amp L 20 Amp started, the large start- 

OAmp. 20Amp. ing current causes a 

(a)- Balanced Load voltage drop on the 

S- r^F — L ^— 1.ioLam s feeder, which will make 

-vi o aJAmryeach the lights grow dim or 

blink. 

I SsHsI n^\~20Lamps 2. Overloads and 

^?0Am^ I ' ft T t —-* 1 Amp. each short circuits are more 

^ ! ir~X common on motor cir- 

20 Amp P JO Amp. cuits and should not be 

Ml i iXT /uiSSh the cause of P uttin ^ 1 he 

Kuan lights out. 

10 Amp '20Amp. 3. Lamps for satis- 

(b)-Unbalanced Load factory service must 

Fig. 24. Two-phase, five-wire system. operate within closer 

voltage limits than 

motors, and therefore the circuits must be designed for less voltage 


fa)- Balanced Load 

slOAmp. 


s 10 Lamps 
f lAmp.each 


...20 Lamps 
lAmp.each 


? ; ; : 1—, , 20 Lamps 
^ : ■ ■ A /V lAmp.each 

HL iiii&gfel 1 

Imp '20 Amp. 

Cb)-Unbalanced Load 

Fig. 24. Two-phase, five-wire system. 


drop than is allowable on ,18.66amp* lOamp. 

motor circuits. T rr?l ~SampJ~ 

4. Frequently it is more | f , m6amp *\^^\ ^ 

economical to operate n —r*—————i LjJ LU )) 

motors on a higher voltage ! ^ 5 amp/ T |-, 

than that of the lighting i t iS.S6cmp*'-\^ _ \jOam 2 ] Motor 

circuit. * ?hese currents would be slightly less than /8.66amp 

T . „ .. . unless motor had unity power factor 

In installations where . 0 , , 

. ..... I- Balanced Load 

bus way wiring is employed, 

it is often very satisfactory /2 amp 

to have a common motor 1 T* ~ 73^ r-fc.. . _ I 

and lighting bus for the § § „ \ L£J (JJ r+-|\ 

feeders and mains. These -f— V*— - ;. : i£ —- 111 Samp. 

systems if properly planned ; § Samp \^ T* ^ ea f ers ' 

with generous allowance in -*— S.66 amp. ly^ -j-i 

the size of the busses will E-Unbalanced Load 

overcome the above criti- FlG ’ 25.—Three-phase, three-wire system. 

cisms of the common system and provide a very economical 
installation. 
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In the illustrations of the various systems, motors and lamps are shown 
connected to the same circuits simply to indicate the manner m which the 
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illustrations, if one were dealing with a motor circuit, the lamps should be 
eliminated from the figure or, vice versa, if dealing with a lighting circuit, 
the motors should be eliminated. 

27. The three-wire, d-c, or single-phase, a-c system is used because it 
saves copper (see Figs. 20 and 27). Incandescent lamps for 110 to 120 
volts are more economical than those for higher or lower voltages. A 
system of any consequence operating at 110 volts would require very large 
conductors to maintain the line drop within reasonable limits. With 
the three-wire system, a low voltage, say 110, is impressed on the receivers 
while one twice as great, say 220, is used for distribution. Since the 
weight of conductors for a given power loss varies inversely as the square 
of the voltage, it is evident that a considerable saving is possible with the 
three-wire system. In this country the three-wire system is of most 
importance as applied to 110/220-volt, lighting systems. 

28. The principle of the three-wire, d-c, or single-phase, a-c system is 
illustrated in Fig. 27. Incandescent lamps for 110 volts could be con¬ 
nected two in series across 220 volts as shown at I, and, although each 
lamp would operate at 110 volts, the energy to the group would be trans¬ 
mitted at 220 volts and the outside conductor could, with equal loss, be 
one-fourth the size that would be necessary if the energy was transmitted 
at 110 volts. This arrangement (Fig. 27, 1), although it would operate, 
is not commercially feasible because each lamp of each pair of lamps in 
series must be of the same size, and if one lamp goes out its partner is also 
extinguished. These disadvantages might be partially corrected by run¬ 
ning a third wire as at Fig. 27, II. Then one lamp might be turned off and 
the others would burn and a single lamp might be added to either side 
of the system between the third wire and either of the outside wires. But 
unless the total resistance of all the lamps connected to one side was prac¬ 
tically equal to that of all the lamps connected to the other side, the volt¬ 
age across one side would be higher than that across the other. On the 
high side the lamps would burn bright and on the low side dim. Obvi¬ 
ously, it is not feasible in practice to arrange or “balance” the sides so 
that they will have the same resistance. Hence some other method must 
be used in practicable three-wire systems whereby the electricity will be 
transmitted at, say, 220 volts, and the pressure across the lamps will be, 
say, 110 volts. 

29. Commercial three-wire, d-c, or single-phase, a-c systems consist 
(Fig. 27, III and IV) of two outer conductors, having (for lighting instal¬ 
lations) a pressure of 220 volts impressed across them and a neutral wire 
so connected to sources of voltage that the pressure between it and either 
of the outside wires is 110 volts. In Fig. 27, III, generators are the sources 
of voltage. The neutral wire joins at the point where the generators are 
connected together. When the system is perfectly balanced, the neutral 
wire carries no current and the system is in effect a 220-volt system. 
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Perfect balance seldom obtains in practice. When the balance is not 
perfect, the neutral wire conveys a current equal to the difference between 
the current taken by one side and that taken by the other side. Note 
from Fig. 27, IV, that the current in different parts of the neutral wire may 
be different and that it is not necessarily in the same direction in all parts 
of the neutral wire. Each incandescent lamp in Fig. 27, IV, is assumed to 
take 1 amp., and the small figures indicate the currents in different parts 
of the circuit. 

30. Comparisons of Systems.—The relative weights of copper required 
for the different systems are given in Fig. 28. The weight of the copper 
required for the conductors of a two-wire d-c circuit is assumed for con¬ 
venience to be 100 per cent. The values, given in the column headed 
“Relative weights of copper in percentage based on drop,” are true for 
direct current, assuming for all systems equal voltages on the lamps or 
other receivers, equal amounts of power transmitted, equal voltage drops, 
and balanced loads. For a-c circuits the values are true for circuits where 
the effect of inductance is negligible. For a-c circuits where the effect 
of inductance is not negligible, the amount of copper to produce the same 
voltage drop would be somewhat larger than the values shown in the table. 
The values given in the last column are based on the assumption that the 
carrying capacity of a wire is directly proportional to its cross-sectional 
area. Since the larger the wire, the smaller is the allowable carrying 
capacity per unit of cross-sectional area, the percentages for systems of 
more than two wires would be somewhat less than shown. The actual 
saving in dollars gained by one of the systems that employs more than 
two wires will not be so great as that indicated in the table, owing to the 
fact that the total cost for a single large wire is less than for two small 
wires containing the same total amount of copper. 

31. Application of Alternating Current and of Direct Current for 
Distribution.—The following suggestions are general and cannot be 
expected to apply to every special case. Where a small amount of power 
is to be distributed for lighting only and not at a greater distance than 
about 1 mile from the generating station, direct current will probably be 
more satisfactory and economical. If many adjustable-speed motors are 
to be served by a distribution system, the d-c system should be considered. 
Adjustable-speed, a-c motors are more expensive and do not give such 
satisfactory results as the d-c shunt motor with field control. 

Where electricity is to be distributed to points more than 1 mile distant 
from the station, alternating current will usually be more economical 
and satisfactory. It may be generated at a reasonably high voltage and 
transmitted to the points where it is to be used at that voltage and there 
“stepped down” with transformers to the voltage required by the 
receivers. Transmitting at a high voltage makes possible the use of small 
feeder conductors. Where many constant-speed motors are to be used, 
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polyphase alternating current is always preferable for either short or long 
distribution distances because polyphase constant-speed motors are 


System 

Con¬ 

nec¬ 

tions 

Voltage 

relations 

Relative weights of cop¬ 
per in percentage based 
on voltage drop 

Relative weights of cop¬ 
per in percentage based 
on carrying capacity 

Two-wire, d-c 
or single-phase 

Fig. 

19 

3 

100 

100 

Three-wire, d-c 
or single-phase 

Fig. 

20 

T-e-TT 

H 

i_*JE 

With neutral same size 
as outside conductors 
37.5 

With neutral 0.70 the 
size of the outside con¬ 
ductors 

34 

With neutral same size 
as outside conductors 

75 

W T ith neutial 0.70 the 
size of the outside con¬ 
ductors 

67.5 

Three-wire, 
convertible, d-c 
or single-phase 

Fig. 

21 

| •fs»l 

Neutral double size of 
outside conductors 

100 

Neutral double size of 
outside conductors 

100 

Two-phase, 
four-wire 

Fig. 

22 

€ m 

100 

100 

Two-phase, 
three-wire 

Fig. 

23 

Wr 

Common 1.41 times as 
large as outside con¬ 
ductors 

73 

Common 1.41 times as 
large as outside con¬ 
ductors 

85 

Two-phase, 

five-wire 

Fig. 

24 

•hov.mmm 

With common 1.41 times 
as large as outside con¬ 
duct ors 

34 

With common same size 
as outside conductors 
31.3 

With common 1.41 times 
as large as outside con¬ 
ductors 

67 

With common same size 
as outside conductors 
62.5 

Three-phase, 
three-wire 

Fig. 

25 

is 

75 

87 

Three-phase, 

four-wire 

Fig. 

26 


With neutral same size 
as outside conductors 

33.3 

With neutral 0.70 as 
large as outside con¬ 
ductors 

31 

With neutral same size 
as outside conductors 

67 

With neutral 0.70 as 
large as outside con¬ 
ductors 

62 


Fig. 28.—Copper economics of different electric systems. 


simpler, cheaper, and more reliable than those used on direct current. 
Furthermore, a-c motors can be operated on higher voltages than can d-c 
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motors, so it is not necessary to step down for them unless the voltage 
of the generator is quite high. Two-wire (single-phase) electric lighting 
can always be arranged from single-phase or polyphase a-c circuits. 

Alternating current is always used where it is necessary to transform 
from one voltage to another without the use of moving apparatus and 
offers a very flexible system in this respect. But where transformers are 
used there are slight losses in them even when they are not loaded. An 
a-c system also has the disadvantages that its inherent voltage regulation 
and its efficiency are not so good as those of a d-c system. This is par¬ 
ticularly true if much inductive equipment, for example, that containing 
coils wound on iron such as motors and arc lamps, is connected to the 
circuits. Despite these disadvantages, experience has shown that 
alternating is preferable to direct current for the applications outlined 
above. Polyphase constant-speed motors are preferable to d-c constant- 
speed motors because they are simpler, in that they have no commutator 
and cost less to maintain than do d-c motors. Direct current is nearly 
always used in office buildings served by isolated plants because such loads 
are mainly lighting. 

When the main system is alternating current, conversion by means of 
motor generator sets, rectifiers, and, in special cases, converters may be 
justified where the load requires special characteristics, such as extra- 
wide speed range or severe accelerating or reversing duty. 


32. Standard D-c Voltages and Their Applications 


Voltages 


Generators and 
energy-delivering 
apparatus 

Motors and energy- 
utilization 
apparatus 

Applications 

125° 

110 

Used for multiple-circuit, incandescent lighting. 
Usually obtained from a 110/220-volt, three- 
wire system 

125°-250° 

575-000“ 

(110 -220 ) 

< 115°-230 a > 

( 550“ ) 

Direct-current motors 

600“ 


Urban and interurban electric railways 

1,200 

1,500 

—I 

Interurban railways 

3,000 


Trunk-line railways 


• Electric Power Club standard voltage ratings. 
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33. Standard A-c Voltages and Their Applications 


Voltage 

i 

Generators and 
energy-deliverin g 
apparatus 

Motors and 
energy-utilization 
apparatus 

Application 

120/208 

110 

110 single-phase 
motors 

110-120 lamps and 
appliances 

Single-phase, used for small motors, lighting, 
and appliances, usually obtained from 
a 120/240-volt, three-wire, single-phase sys¬ 
tem oi a three-phase, four-wiie system. 

240 

480 

000 

oco 

Usually thiee-phase three-wire, used for dis¬ 
tribution for power for polyphase motors up 
to possibly 50 to 00 hp. sizes. 220 volts used 
occasionally for lamps and heaters. 

2,400 

2,200 

Single phase for primaly distribution in resi¬ 
dential districts; three-phase, three-wire for 
polyphase motors gienter than about 00 or 
100 lip.; feedeis for luige industrial plants. 

2,400/4,100 

2.300/4,000 

Kin thiee-phase foui-wire distribution in 
modeiately heavily loaded distriets. 

0.000 

11,500 
13,800 

0,000 

11.000 

13.200 

Highest voltages for which generatoi oi motors 
can, ordinarily, be effectively designed. 
Distribution systems loi huge cities- im 
power transmission over distance** of a few 
miles. 

22,000 
33,000 
44,000 
06,000 
88,000 
110,000 
132,000 ] 

The voltages higher 
than 13,200 aie 
used for trans¬ 
mission only and 
not for generation 
oi utilization. 

For power transmission oveihead and under - 
giound, for distances up to about 125 miles, 
selection being roughly on the basis of 1,000 
volts pei mile of transmission distance. 

154,000 

220,000 

275,000 


For long-distance power transmission over 
aerial lines. 


Note. —The voltages up to 13,800 have been standardized by the American Standards 
Association, the National Electrical Manufacturers' Association, and the American 
Institute of Electrical Engineers. The voltages fiom 22,000 to 154,000 were standard¬ 
ized by the National Electric Light Association and are in common use by power com- 

J ianies. The 220,000- and 275,000-volt systems have been used on a few transmission 
ines. 

34. Selection of a Frequency.—There are two frequencies now standard 
in this country: 25 and 60 cycles. A frequency of 50 cycles has been used 
considerably in Europe and in some installations in this country. All 
other things being equal, 25 cycles would seem at first sight preferable 
because there is less inductive effect with it than with a higher frequency. 
It therefore follows that the inherent voltage regulation of a 25-cycle 
system is better than that of a 60-cycle system and also that the 25-cycle 
system is a trifle more efficient. For transmission distances of less than a 
few miles neither of these factors is of much consequence one way or the 
other. Alternating current at 25 cycles is not particularly well adapted 
for electric lighting because a flickering due to the filament cooling down 





Div. 3] CIRCUITS AND CIRCUIT CALCULATIONS 311 

every half cycle while the current is at a low value is very noticeable and 
causes eyestrain. At 60 cycles the time of low current values is so short 
that no flickering is noticeable. 

Several years ago, 25 cycles was considered necessary for the satisfac¬ 
tory operation of rotary converters, so most d-c electric traction systems 
have used a 25-cycle transmission system. All d-c railroad electrifica¬ 
tions have also used 25 cycles because of the higher power factor and 
better commutation of the 25-cycle series motors. Again, it is not 
economically feasible to build large slow-speed motors for main drives in 
steel mills and cement plants at 60 cycles, so these types of plants have 
often adopted 25 cycles. Transformers and most other apparatus, 
except the motors indicated, arc cheaper for 60 cycles, and the time for 
delivery is shorter. 

Since 60 cycles is best for most installations, it has become practically 
the standard frequency in this country, and probably over 90 per cent of 
the equipment sold here is for 60 cycles. Most of the 50-cycle installa¬ 
tions have been or are being changed over to 60 cycles. 

35. Table Showing Effect of Increased Voltage and Decreased Voltage 
on Generators, Lines, Transformers, Meters, Lamps, and Motors.— 
Sometimes it is necessary or desirable to adopt, for some existing installa¬ 
tion, a voltage either higher or lower than that which has been in use. 
The table indicates the general effects of such a change. The voltage 
impressed on incandescent lamps should be something between 110 and 
120. In new installations, it is well to adopt a high lamp voltage, say 
about 120. The operating voltage of an old installation may be gradually 
increased sometimes as much as 10 volts, without adverse results. 
(Electrical World , Sept. 4, 1915.) 

Effect of Increased Voltage on 
Generators: 

Increase in excitation. 

Will the exciter voltage he sufficient to 
produce the required excitation at full 
load or at partial load of low power 
factor? 

Will the fields overheat at the increased 
excitation required? 

Increase in core loss. 

Will the iron overheat? 

Decrease in armature copper loss for 
same kilovolt ampere output. 

Will this offset the additional field and 
core Iorr? 

Lines: 

Increase in transmission radius for the. 
same kva output. 

Transformers: 

For the same kva output, increase in core 
losses, decrease in copper losses, some¬ 
what lower all-day efficiency. 


Effect of Decreased Voltage on 
Generators: 

Decrease in excitation. 

Is the resistance of the field rheostat 
sufficient to maintain the lower 
voltage at no load? 

Decrease in core loss. 

Increase in armature copper loss for 
the same kilovolt ampere output. 

Will this be offset by the reduction in 
field and core losses? 


Lines: 

Decrease in transmission radius for the 
same kva output. 

Transformers: 

For the same kva output, decrease in 
core losses, increase in copper losses, 
somewhat higher all-day efficiency. 
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Effect of Increased Voltage on 
Meters 

Effect negligible 
Lamps 

No effect after the new voltage lamps are 
installed 
Motors 

Reduced slip 
Increased torque 
Inc reaped c fficienc\ 

Decreased powei faetoi of induction 
motors 


Effect of Decreased Voltage on 
Meters 

Effect negligible 
Lamps 

No effect after the new voltage lamps 
are installed 
Motors 

Increased slip 
Decreased torque 
Decieased efficiency 

Incieised power factor of induction 
motors 


novoHs no 

volts 


36. Selection of a Voltage for a Distribution System. The voltages 
given in Sees 32 and 33 are nominal voltages, and it is seldom that appa- 
^ ratus is operated at 

lamps Fuse j? exactly any one of 

r vI. ——T "T"T~ them Most powei 

X.X-T_ 2 Wire equipment may be 

* r - 1 K c=>- lifts - O i-r r -f Branches operated at any value 
X 7 j v « ^ * * ’ * //(g ?9 T T within 10 pei cent 

HO volt's 110 v* H 4 /10 below to 10 per cent 

vo/ts 3jV/re volts above the nominal 

Mams ^ 

TThrce Wire Direct Current or Single Phase Alter natma Current . . , , 

Incandescent lamps 

Neutral fo r 220 volts cost more 

Lamps and are less efficient 

r T 777 ' L a r ■ t f than the 110-volt ones 

9 9 J Lg g >9 9 9 - Thib an mherent 

- r - r *-- tr n 2Wire condition due to the 

y V V ___ J j J JJ ^?YTT Branches greatei length and 

111°) ( ( ^ smaller diameter of the 

<|> ^ ^ _ SuOvJ^JMv^ I20v^> (*> 220-volt hlament, 

.. I . I - I — V ' ~ I~ ~jp which cannot be cor- 

^ * ' > 20Sv rected Therefore, a 

I 4 wire Mams nominal voltage of 110 

^ or 120 (an actual volt- 

E- Four Wire .Three Phase age () f between 105 and 

Fi«. 20 A, lanKcnicnt of mams and branches 125) should be Used for 

for lighting circ uits , , . 

incandescent lamps 

Sometimes the operation of a few lamps on 220 volts with a large 220-volt 
motor load may be desirable because of the simplicity of the single voltage 
system and the relative unimportance of the lighting load But even m 
this case, a three-phase, foui-wne, 120/208-volt system with the lights on 
the lower voltage and the motors on the higher one would usually be 
preferable 

Branches serving incandescent lamps (Fig 29) are usually two wire, but 
the mams are often three wire or four wire because of the economy in 
copper of multiwire systems as shown in Fig 28. 


TThrce Wire Direct Current or Single Phase Alter natmg Current 


r 2 Wire 
p A Branches 


^ 4 Wire Mams 
E‘ Four Wire .Three Phase 

Fig. 20—Anangenicnt of mains and branches 
foi lighting ore uits 
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For incandescent lighting or small motors in a building or industrial 
plant, for distribution distances not exceeding about 1,000 ft., a two-wire, 
d-c system with a nominal voltage of 110 can be used with fair results. 
But a three-wire circuit having 220 volts across the outside wires (Fig. 
30,1) will usually cost less to install, and it can be used with fair economy 
for distances up to possibly 1 mile. If the load is almost entirely lighting 
or adjustable-speed motors, this system is also applicable (Fig. 30, I). 

If there is a considerable constant-speed motor load with lighting 
load, a 120/208-volt, three-phase, four-wire a-c system should probably be 



Incandescent Lamps 


nbv. ? 

W1 

l!0v. 220v. 

d_ ± _i_ 



3-Wire, 

Direct-Current 
Generator 


I-Three-Wire, Direct-Current 



220v. 
Motor 


3 Phase - 
120/208 v. 
Generator 



i : J Phase 
208 v. 
Motor 


Neu f rai Wire 
H- Four-Wire .Three-Phase Alternating Current 



ETThree-Wire,Three-Phase Mains with Three-Wire 
Single-Phase Lighting Circuits 

Fig. 30.—Distribution circuits for combination lighting and motor loads. 


used. The motors can be operated three phase, 208 volt (220-volt motors 
will also operate satisfactorily in most cases). The lighting load can be 
arranged at 120 volts single phase between one or all of the line wires and 
the neutral (Fig. 30, II). 

For larger sized motors or a larger total motor load, either a 440- or a 
550-volt, three-phase distribution system might profitably be used instead 
of the 220-volt one, and a saving of about three-fourths of the copper 
would result. Transformers could be used to provide 110/220-volt, 
three-wire lighting circuits (Fig. 30, III). However, a voltage exceeding 
300 is quite apt to kill a man who comes in contact with it, so, as a rule, 
440 volts or greater should not be installed in any plant where the elec- 
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trical apparatus cannot have expert supervision. A voltage of 440 or 
550 volts is low enough so that motors can be conveniently operated 
at that voltage, and in practice the insulation used on them and on the 
wires and control apparatus is the same as for 220 volts. Voltages of 440 
or 550 find their widest applications in industrial plants and are seldom 
used in central-station distributions. Direct-current voltages of 550 and 
over are now seldom used except in street-railway and rapid-transit work 
and in large adjustable-speed steel-mill drives. See also Sec. 323, Div. 5. 

For central stations or industrial plants distributing to distances up to a 
few miles from the station, a nominal a-c voltage of 2,200 is often adopted. 
Higher voltages, the treatment of which is not within the scope of this 
book, are also frequently used (see Fig. 31). The generators are three 
phase in modern installations, and each or one of the phases is used for 


S-Phase 2200Volf 
Generator 


7m 2200- 

220 m 


AThne-Phase 
Transformer 
2200AAOfbHs 




I n"'I S 


IX 

mnmn 


22O0~220Vbffs 


IrihJ ! 

3-Mr* -o-o I 

Secondary- -- XMT 1 —yU—' 

a m 

2200 Volt 220 Volt HO Volf 
3-Phase Motor S-PhaseMofor 3~Phase Motor 


220 Volf 
3-Phase Motor 


Fig. 31.—A 2,200-volt distribution. 


single-phase lighting. Power service is supplied by all three phases. 
Transformers stepping down from 2,200, single phase to 110 volts, single 
phase or to 110/220 volts, single phase, three wire are used for lighting. 
Three-phase transformers, stepping from 2,200 to 220,440, or 550 volts are 
used for three-phase, constant-speed motors, or, in special cases, 2,200- 
volt motors are used. If speed control is required, adjustable-vary- 
ing-speed a-c motors or constant-speed motors with variable-speed 
mechanical drive can be used. Or a motor generator or rectifier set 
can be installed which will deliver direct current at 220 volts for adjust¬ 
able-speed, d-c motors. 

36A. A high distribution voltage is desirable from the standpoint of cost 
of line conductors because the power lost in a given line, transmitting a 
given watts load, varies inversely as the square of the impressed voltage. 
It follows that the weight of a conductor for transmitting a given watts 
load with a given power loss is inversely proportional to the square of the 
voltage. If the voltage is doubled, the weight of the conductor is divided 
by four. 

CIRCUIT CALCULATIONS 


37. There are five factors that should be considered in determining the 
size of wire for the distribution of electricity. A wire should be of such 
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size that (1) the current will not heat it to a temperature that would 
spoil the insulation or cause a fire, (2) it will have sufficient mechanical 
strength so that it will not be broken under the ordinary strains to which 
it is reasonable to assume that it will be subjected, (3) it will not be so large 
as to exceed the limitations required for its economical installation, (4) 
it will carry the electricity to the point where it will be used without 
an excessive drop or loss of voltage, and (5) the cost of energy lost—the 
PR loss—due to the voltage overcoming the resistance will not be exces¬ 
sive. A conductor may satisfy any one of the five conditions and not 
satisfy the four others. 

37A. Safe current-carrying capacity should always be considered in 
designing circuits. When current passes through a conductor, some of the 
electrical energy is converted into heat energy, the amount of energy 
thus converted being equal to PR (see Div. 1). This heat energy raises 
the temperature of the conductor and its insulation and covering above 
that of the surrounding medium and is dissipated into the atmosphere 
through thermal conduction of the metal of the conductor, conductor 
insulation and covering, and surrounding materials (such as conduit, 
duetts, earth, etc.) and through convection of the surrounding air over 
these materials. It is not good practice to operate bare conductors at a 
temperature in excess of from 70 to 80°C., since trouble is apt to occur at 
joints and connections when they are operated at higher temperatures. 
A curve for determining current capacities of bare copper conductors is 
given in Sec. 16 of Div. 10. For covered and insulated cables the maxi¬ 
mum allowable temperature of the conductor is limited by the maxi¬ 
mum temperature that will not be harmful to the insulating and covering 
materials. Refer to Div. 2 for maximum safe temperatures for different 
types of insulation. The allowable safe current-carrying capacity of an 
insulated conductor will therefore depend upon the type of conductor 
insulation and covering, the conditions of installation (whether in con¬ 
duit, exposed to air, or buried in earth, and the number of conductors 
grouped in close proximity to each other), and the temperature of the sur¬ 
rounding atmosphere or earth (ambient temperature). A curve for 
determining the carrying capacity of weatherproof copper conductors 
when installed outside of buildings is given in Sec. 16 of Div. 10. Curves 
for aluminum cable, steel-reinforced, are given in Sec. 17 of Div. 10, and 
a table for parkway cables buried directly in the ground is given in Sec. 18 
of Div. 10. It would require more space than is available in this book to 
include the necessary tables for allowable carrying capacities of cables 
installed in underground duct systems. Complete tables may be obtained 
from the various cable manufacturers or from the Insulated Power Cable 
Engineers Association. 

The maximum allowable safe current-carrying capacities of wires for 
interior wiring are definitely specified by the National Electrical Code 
(see Tables 19 and 20 of Div. 10) . The maximum current that a wire will 
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have to carry should never exceed the allowable safe carrying capacity 
for the size of wire, type of insulation employed on the wire, and method of 
installation as given in these tables, except in the case of motor circuits. 
Motors draw a current at the instant of starting that is much greater than 
the normal full-load running current. Owing to the fact that this large 
starting current lasts for only a short time, the Code does not require that 
the carrying capacity of the wires for motor circuits be as great as the 
starting current. For branch circuits supplying continuous-duty motors 
the size of the wire must be sufficient to carry at least 125 per cent of the 
full-load rated current of the motor. The wires of branch circuits supply¬ 
ing motors in classes of service having short-time duty must have carrying 
capacities as large as the average load currents required by the motors. 
In the majority of cases, the average load currents required by motors of 
this class will not exceed the percentages of the full-load rated currents 
given in Table 10 of Div. 10. The wires between the slip rings of wound- 
rotor induction motors and the secondary controller must have a carrying 
capacity of at least 125 per cent of the full-load secondary current of the 
motor. The wires between the secondary controller and the resistors 
must have a carrying capacity that is not less than the percentages of the 
full-load secondary currents given in Table 11 of Div. 10. The size of 
wire for motor feeders or mains must be sufficient to carry at least the 
maxiinuin-demand running current of the motors supplied by the circuit. 
The method of computing the maximum-demand running current is given 
in Sec. 61. 

The current-carrying capacities of Tables 19 and 20 of Div. 10 are based 
upon room temperatures of 30°C. If the room will have a temperature 
greater than this, the ampere capacities of the table should be multiplied 
by the proper correction factor as given in the lower parts of the tables. 

38. Mechanical Strength of Wires.—Wires should be of sufficient size so 
that their mechanical strength will be great enough to withstand the 
strains of installation and of the service to which they will be subjected. 
For general overhead distribution mains, no wire of soft-drawn copper 
smaller than No. 6 should be used. If medium- or hard-drawn copper is 
used, no wire smaller than No. 8 should be employed. For overhead 
outside wiring on private premises, no wire smaller than No. 10 should be 
used for spans up to 50 ft. and no wire smaller than No. 8 for longer spans. 
Service drops from an overhead distribution main to the point of support 
on the building must not be smaller than No. 10, if of soft-drawn copper, 
or smaller than No. 12, if of medium- or hard-drawn copper. From the 
point of support on the building to the service switch inside the building 
no wire smaller than No. 8 should be used except that, for installations 
consisting of a single branch circuit, wire as small as No. 12 may be used. 
For services exceeding 600 volts the service conductors shall not be 
smaller than No. 6 unless made up in an approved multiconductor, serv¬ 
ice-entrance cable assembly. For these cable assemblies, no conductor 
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smaller than No. 8 can be used. In the interior wiring of buildings no 
wire smaller than No. 14 may be used except for the following special 
cases: 

1. For fixture wiring and flexible cords, Nos. 16 and 18 may be used. 

2. Number 18 wire may be used for stationary motors, rated hp. or 
less, for the conductors between the motor and an approved terminal 
enclosure. 

3. For elevator wiring the minimum allowable size of conductors is 
as follows: 

a. For lighting circuits, No. 14, except that for flexibility two or 
more No. 16 conductors may he used in parallel in traveling cables 
and on the car 

b. For elevator operating and control circuits, No. 16, Type RF-32 or 
FF-32 fixture wire. 

c. For signal circuits and for fixtures, No. 18, Type RF-32 or FF-32 
fixture wire. 


4. For some cases of low-voltage signal wiring, No. 18 wire may be 
used. The National Electrical Code gives detailed rules for these cases. 

39. There are certain limitations in the size of wires that it is feasible 
to employ in order to satisfy construction and installation requirements 



—231 Volts-Impressed Voltage 220 Volts- 


v Switch Voltoige at Receiver -'' 

Incandescent Lamp’Load . 

Fig. 32.—Illustrating percentage line drop. 


For convenience in installation, it is seldom advisable to use larger than 
3-in. conduit. When all the wires of a circuit are run in the same conduit, 
this limits the size of the conductors to 500,000 eir. mils. If only one wire 
were run in a conduit the size of wire could be considerably larger. It is 
seldom wise or convenient to install conductors of larger size than 1,000,000 
cir. mils. A 2J^-in. conduit is about as large as can usually be installed 
between floors and ceilings. In such cases, therefore, the size of wire is 
limited to 300,000 cir. mils, if two or three wires are placed in the same 
conduit. For open wiring, wires larger than 1,000,000 cir. mils are cum¬ 
bersome to handle. 

40. Percentage line drop or voltage loss may be figured as either a 
percentage of the voltage required at the receiver or as a percentage of the 
voltage impressed by the generator or other energy source on the line. 
For instance, in Fig. 32, the voltage impressed on the receivers—lamps 
and motor—is 220. The line loss is 11 volts; hence the pressure impressed 
on the line = 220 -f 11 =231 volts. The voltage loss as a percentage of 
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the voltage at the receiver = 11 /220 = 0.05 = 5 per cent. The voltage 
loss as a percentage ot the voltage impressed on the line is 11 /231 = 0.048 
= 4.8 per cent. In practical work the percentage loss or drop is usually 
taken as a percentage of the voltage required at the receivers, because this 
is the most convenient and direct method. In this book the term per¬ 
centage drop refers to a percentage of the voltage required at the receivers 
unless otherwise noted 

41. Allowable Voltage Drops.—The conductors of an interior firing 
system should be of sufficient size so that tin* \oltage drop from the point 
of service entrance to the equipment utilizing the energy, such as lamps or 
motors, is not excessive If the voltage drop is too great, the operating 
conditions will not be satisfactory, owing to one or more of the following 
causes. 

1. Shortened lite of lamps caused b\ overvolt age under light load 
conditions. 

2. Unsatisfactory illumination under maximum load conditions. 

3. Unsatisfactory motor speed, torque, or temperature 

No definite standards have been adopted lor the maximum allowable 
voltage drop. The National Electrical Code recommends that the voltage 
drop from the point ol service entrance to the final distribution point 
should not be greater than 1 per cent for lighting loads or combined light¬ 
ing and power loads and should not be greater than 3 per cent tor power 
loads. 

For lighting loads the voltage drop from the point ot service entrance 
to any lamp should not exceed 4 per cent If it is possible without 
employing excessively large conductors, it is good practice to keep this 
total voltage drop within 3 per cent The voltage drop in any branch 
lighting circuit or in any lighting feeder should not be greater than 2 per 
cent. 

For power loads the voltage drop from the point of service entrance to 
any motor should not exceed 5 per cent. The distribut ion of this voltage 
drop among the different parts of the system will depend upon the layout 
of the wiring installation. For systems operating at 208 volts or highei, 
it is generally good practice to limit the voltage drop in motor branch 
circuits to 1 per cent and in feeders to 4 per cent Onlv in exceptional 
cases, should the voltage drop in a motor branch circuit exceed 2 per cent 

Values of voltage drop that will be in accordance -with good practice for 
different systems are given in Sec. 37 of Div. 10. 

42. Allowance for Growth in Planning Circuits.—In installing the 
wiring for electric-power and lighting installations, the demands that may 
be placed upon the system in the future should be carefully considered. 
It requires a relatively small additional expense, when installing a system, 
to put in wires somewhat larger than are required by the present lighting 
equipment. On the other hand, if the wires installed are of just sufficient 
size to accommodate the present load, and it is necessary to increase the 
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load at some future date, the cost of ripping out the old installation and 
installing a new one is considerable. 

Standards of illumination have been continually increasing in the last 
10 years, and it is reasonable to assume from the trend of practice that the 
general level of illuminating intensities employed will be still further 
increased in the coming few years. Both employees and employers are 
appreciating more and more the benefits to be gained from high intensities 
of illumination. 

It is, therefore, good practice in most cases to install lighting circuits of 
sufficient capacity so that they will be large enough if the size of the lamps 
is increased to the next larger standard size. In the following para¬ 
graphs dealing with the calculation of the load on lighting circuits, the 
term future load means the load that would be placed on the circuit if all 
the lamps connected to the circuit were increased to the next larger 
standard size. 

The layout and equipment in industrial and commercial buildings are 
continuously being changed. These changes frequently involve increased 
load requirements. For these occupancies there are no definite rules that 
can be laid down for the proper allowance that should be made for growth, 
since the conditions vary so widely for different installations. Each 
installation requires careful study with respect to probable future load 
requirements The actual connected loads on the circuit should be 
increased a sufficient amount so that the size of circuit will be ample to 
accommodate whatever loads it is estimated may be connected to the 
circuit in the future. 

43. Calculation of Load in Amperes on Two-wire, Branch Lighting 
Circuits. —The actual load in amperes on a two-wire branch lighting cir¬ 
cuit is equal to the sum of the watt ratings of the individual loads con¬ 
nected to the circuit divided by the voltage of the circuit. Plug outlets 
connected to the circuit should be figured at at least 1.5 amp. per outlet. 
If the load to be connected to a plug outlet is known to be more than 
1.5 amp., its load should be considered as the actual known wattage that it 
will supply. The future load in amperes is figured in the same manner as 
the actual load, substituting for each lamp one of the next larger standard 
size. The standard sizes of lamps arc given in Table 1 of Div. 10 with 
more complete data in Div. 9. 

Erample —A two-wire, 110-volt, branch lighting circuit supplies five 200-watt lamps. 
Determine the actual connected and probable future load. 

Solution .—Present connected load = ^ = 9.1 amp. 

The next laigei standard size of lamps is 300 watts. 

Future connected load * — ~ 13.0 amp. 

Example .—A two-wire, 110-volt, branch lighting circuit supplies four 150-watt lamps 
and three 200-watt lamps. Determine the actual connected and probable future load. 

Solution .—Present connected load «* ^ ^ = 10.9 amp. 
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The next larger standard size lamp to 150 watt is 200 watt and the next larger to 
200 watt is 300 watt. 


Future connected load 


(4 X 200) + (3 X 300) 
110 


15.5 amp. 


44. Calculation of Load in Amperes on Three-wire, Branch Lighting 
Circuits. —The actual and future loads in amperes on either side of a three- 
wire, branch lighting circuit may be computed in the same manner as for 
two-wire circuits in Sec. 43, the voltage between the neutral and either 
outside wire and the loads connected between the neutral and the one 
outside wire under consideration being used. 


Example. —A three-wire, 110- to 220-volt, branch lighting circuit supplies the loads 
in the following diagram. Determine the actual connected and probable future load*. 


h 
N ■ 
2 



4- ZOO Watt-Lamps 

5- 150 Watt Lamps 


8Uution.— -Present connected load 1 to N = = 7.3 amp. 

Present connected load 2 to A = ^ = 6.8 amp. 

Future connected load 1 to N = * = 10,9 am P* 

5 X 200 

Future connected load 2 to N = ——rpr— =9.1 amp. 


46. Fundamentals of Load Calculations on Mains and Feeder. —In 

many cases the carrying capacity of feeders or mains need not be so great 
as the total ampere load of all the equipment supplied by the circuit. 
This is due to the fact that all the apparatus may not be operating at the 
same time, or, if operating, may not all be taking full-load current from 
the line at the same time. A demand factor is employed in order to 
determine the maximum current that it is estimated the circuit will ever 
be required to carry. A demand factor is the ratio between the maximum 
current that the circuit will ever have to carry and the total load connected 
to the circuit. The maximum-demand current of a circuit, therefore, is 
equal to the total connected load times the proper demand factor (see 
Table 3, Div. 10, for lighting demand factors; Table 5, Div. 10, for 
maximum-demand factors for motor circuits; and Table 2, Div. 10, for 
demand factors for household electric ranges). 

46. Calculation of Load on Two-wire, D-c or Single-phase Lighting 
Panels. —The actual connected load is equal to the sum of the actual con¬ 
nected loads of all the branch circuits fed from the panel. Each spare or 
appliance circuit in the panel should be figured at at least 10 amp. The 
future load on the panel is figured in the same manner as the actual load, 
the future loads of the branch circuits being used instead of the actual 
loads, and each appliance or spare circuit being figured at at least 15 amp. 
If an appliance circuit is of a type allowing more than 15 amp., the circuit 
should be figured at its maximum allowable amperage as given in Div. 8. 
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Example .—Determine the actual connected and probable future loads on a two-wir», 
110-volt lighting panel supplying the following circuits: 


Circuit 

j 

Present load, 
amp. 

Future load, 
amp. 

1 

10 

13 

2 

7 

10 

3 

9 

12 

4 

10 

15 

5 

8 

10 

6 

12 

15 

7 (spare) 

10 

15 

8 (spare) 

10 

15 


| 76 

105 


Solution .-—Present connected load on panel = 76 amp. 

Probable future load = 105 amp. 

47. Calculation of Load on Three-wire, D-c or Single-phase Lighting 
Panels. —The actual connected load on each side of the panel is equal to 
the sum of the actual connected loads of all the branch cicuits connected 
to that side of the panel. Each spare or appliance circuit on that side of 
the panel should be figured at at least 10 amp. The future load on each 
side of the panel is computed in the same manner as the actual load, the 
future loads of the branch circuits being used instead of the actual loads, 
and each appliance or spare circuit being figured at at least 15 amp. 
If an appliance circuit is of a type allowing more than 15 amp. the circuit 
should be figured at its maximum allowable amperage as given in Div. 8. 
After the loads on both sides of the panel are obtained, the load of the 
panel is usually considered as that of the heavier loaded side. If the 
circuits have been well laid out there should not be much difference 
between the loads on the two sides of the panel. 

Example —A three-wire, 110- to 220-volt lighting panel supplies the following circuits. 
All branch circuits are two wire, 110 volts. Determine the actual connected and the 
probable future loads. 

Branch circuits between wire 1 and neutral: 


Circuit 

Present load, 
amp. 

Future load, 
amp. 

1 

7 


2 

8 


3 

8 


4 

7 


5 (plug) 

10 


6 (spare) 

10 



50 

69 
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Branch circuity between wire 2 and neutial: 


Circuit 

Present load, 

Future load, 

amp. 

amp. 

1 

G 

8 

2 

7 

10 

3 

G 

9 

4 (plug) 

10 

15 

5 (spare) 

10 

15 

G (spaie) 

10 

15 


40 

72 


Solution .—The present connected load would be taken as 4ft amp. 

The futuie load would be taken as 72 amp. 

48. Calculation of Load on Two-phase, Three-wire Lighting Panels.— 

The actual connected load on either outside wire of the panel is equal to 
the sum of the actual connected loads of all the branch circuits connected 
to that side of the panel. Each spare circuit on that side of the panel 
should be figured at at least 10 amp. The future load on each side of the 
panel is computed in the same manner as the actual load, the future 
loads of the branch circuits being used instead of the actual loads, and 
each appliance or spare circuit being figured at 15 amp. at least. If an 
appliance circuit is of a type allowing more than 15 amp., the circuit 
should be figured at its maximum allowable amperage as given in Div. 8. 
The actual and future loads on the common wire of the panel are taken 
as equal to 1.41 times the actual and future loads, respectively, of the 
more heavily loaded side of the panel. 

Example .—A thiee-win\ two-phase, 110-volt lighting panel supplies the same circuits 
on the two hides of the panel as given in the exumple undet the three-wne, single-phase 
panel. Determine the actual connected and probable futuie loads. 

Solution .— The actual connected load on each outside wire of the panel would be 
taken as 50 amp. 

The futuie load on en<h outside wire of the panel would be taken as 72 amp. 

The actual counteted load on the neutral would be 1.41 X 50 = 70 5 amp. 

The future load on the neutral would be 1.41 X 72 = 101 6 amp. 

49. Calculation of Load on Four-wire, Three-phase Lighting Panels.— 

The actual connected load on any one bus except the neutral bus is equal 
to the sum of the actual loads of all the branch circuits connected between 
that bus and the neutral bus. Each spare or appliance circuit between 
that bus and the neutral should be figured at at least 10 amp. The future 
load on any bus except the neutral bus is computed in the same manner 
as the actual load, the future loads of each branch circuit being used 
instead of the actual loads, and each appliance or spare branch circuit 
being figured at at least 15 amp. If an appliance circuit is of a type allow¬ 
ing more than 15 amp., the circuit should be figured at its maximum allow- 
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able amperage as given in Div. 8. The load on each of the four busses 
usually is taken as being equal to that of the most heavily loaded outside 
bus. 

60. Use of Demand Factors for Determining Size of Lighting-panel 
Busses.—In determining the size of busses to use in lighting panel boards 
a maximum-demand factor may be applied to the computed actual and 
future loads. The allowable maximum-demand factors are given in 
Table 3 of Div. 10. For all panel boards with a neutral bus, except those 
of the two-phase, three-wire type, a further demand factor of 70 per cent 
may be applied to that portion of the load in excess of 200 amp. The 
method of applying these demand factors is the same as for lighting mains 
and feeders, which is discussed in Secs. 61 to 68. 

61. Calculation of Load on Two-wire, D-c or Single-phase Lighting 
Feeders or Mains.- - The present or future load is equal to the sum of the 
actual or future loads of all the panels fed from the circuit times the 
proper demand factor as determined from Table 3, Div. 10. 

Example — A two-wire, single-phase lighting feeder supplies the following three 
panels in an apartment house. Determine the actual and future loads on the encuit. 



Panel 


Actual load, 
amp 

1 utuie load, 
amp. 

Aiea fed by panel, 
sq. ft. 

A 



50 

75 

3,000 

B 



(>0 

80 

4,000 

C 



45 

(>0 

4,000 




1 55 

215 

11,000 


Fiom Table 3, Div. 10, the demand factor on the first 2,000 sq ft. is 1.0, and the 
demand fiutoi on the area in excess of 2 000 sq ft. is 0 35 

Amount of present load on first 2,000 sq ft — ^155 X X 1.0 — 28 


Present load on area in excess of 2,000 sq tt. 
Total piesent load 


11,000 


Futuie load on first 2,000 sq. ft. 


215 X 2.000 
11,000 


/\ u 9 t#i; — rt««J 

» 72.5 
X 1.0 = 39.1 


Futuie load on uich in excess of 2,000 sq. ft. 
Total futuie load 


215 X 9,000 

11,000 


X 0.35 


01.0 

100.7 


62. Calculation of load on Three-wire, D-c or Single-phase Lighting 
Feeders or Mains.—The present or future load on either outside wire is 
equal to the sum of the actual or future loads of all the panels fed from 
that wire, times the proper demand factor as determined from Table 3, 
Div. 10. If, after application of the demand factor, the load on each 
outside conductor is less than 200 amp., the load on the neutral win* 
should be taken equal to that of the more heavily loaded outside con- 
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ductor. If, after application of the demand factor, the load on either of 
the outside wires is more than 200 amp. the current in the neutral wire 
may be taken as 200 amp. plus 70 per cent of the current in the more 
heavily loaded outside conductor in excess of 200 amp. 


Example .—A three-wire, 115/230-volt main in an office building of 10,000 sq. ft. 
supplies the following loads: 77.2 amp. actual connected and 97.0 amp. future load on 
one side of the feeder, and 80.3 amp. actual connected and 95.1 amp. future load on the 
other side of the feeder. Determine the present and future loads on the feeder. 

Solution .—Since the area is just 10,000 sq. ft., the demand factor from Table 3, 
Div. 10, is 1.0. 

Present load on one outside wire = 77.2 X 1.0 = 77.2 amp. 

Present load on other outside wire = 80.3 X 1.0 = 80.3 amp. 

Future load on one outside wire = 97.0 X 1.0 = 97.0 amp. 

Future load on other outside wire = 95.1 X 1.0 = 95.1 amp. 

Since the larger current in an outside wire is less than 200, the load on the neutral will 
be the same as that of the more heavily loaded outside wire. 

Present load on neutral *= 80.3 amp. 

Future load on neutral * 97.0 amp. 

Example. —The actual connected load on the more heavily loaded side of a three-wire, 
115/230-volt, single-phase feeder in an office building of 15,000 sq. ft. is 250 amp. 
Determine the present load on the neutial. 

Solution .—Fiom Table 3, Div. 10, the demand factor on the first 10,000 sq. ft. is 1.0, 
and on the area in excess of 10,000 sq. ft. is 0.70. 


Present load on outside wire 


f 250 X 10,000 v , , , /250 X 5,000 

V 15,000 X 1A J + v 15,000 
100.7 -f- 58.4 * 225.1 ainp. 


X 0 . 7 ) 


Since the current in the outside wire, after applying the demand factor, is greater than 
200 amp., the present load on the neutral will be 200 + (25.1 X 0.70) = 217.6 


63. Calculation of Load on Four-wire, Two-phase Lighting Feeders or 
Mains.—The present or future loads on either phase may be computed 
as in Sec. 61, considering each phase as a separate single-phase circuit. 

64. Calculation of Load on Three-wire, Two-phase Lighting Feeders 
or Mains.—The present or future loads on either of the outside wires are 
equal to the sum of the actual or future loads of all the panels connected 
to that wire times the proper demand factor as determined from Table 2, 
Div. 10. The load on the common wire is equal to 1.41 times the load 
on the more heavily loaded outside wire. 

Example .—Determine the present and future loads for a three-wire, two-phase feeder 
in an industrial building of 9,000 sq. ft. supplying the following loads: 

Panels connected between wire 1 and common wire: 


Panel 

Present load, 
amp. 

Future load, 
amp. 

A . 

50.8 

65.2 

B . 

43.7 

55.6 

c . 

41.4 

54.7 


135.9 

175.5 
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Present load, 

Future load, 


amp. 

amp. 

A . 

47.8 

61.3 

B . 

52.7 

67.9 

C . 

36.8 

45.9 


137.3 

175.1 


Solution. —From Tabic 3, Div. 10, the demand factor is 1.0. 

Present load on wire 1 — 135.9 X 1.0 = 135.9 amp. 

Future load on wire l = 175.5 X 1.0 — 175.5 amp. 

Present load on wire 2 = 137.3 X 1.0 = 137.3 amp. 

Future load on wire 2 = 175.1 X 1.0 = 175.1 amp. 

Present load on common wire = 137.3 X 1.41 = 193.0 amp. 

Future load on common wire = 175.5 X 1.41 = 248 ainp. 

66. Calculation of Load on Five-wire, Two-phase Lighting Feeders 
or Mains.—The present or future load on any outside wire is equal to the 
sum of the actual or future loads of all the panels fed from that wire 
times the proper demand factor as determined from Table 3, Div. 10. 
If the load on the most heavily loaded outside wire, after the demand 
factor is applied, is 200 amp. or less, the load on the neutral wire should 
be taken equal to 1.41 times the load of the most heavily loaded outside 
wire. If the load on the most heavily loaded outside wire, after the 
demand factor is applied, is greater than 200 amp., the load on the 
neutral should be taken equal to 200 amp. times 1.41 plus the amperes on 
the most heavily loaded outside wire in excess of 200 amp. 

Example. —The actual connected loads on the four outside wires of a five-wire, two- 
phase lighting feeder are 100.5, 97.8, 95.4, and 100.0 amp. The feeder is supplying the 
load in a factory building. Determine the present load for the neutral wire. 

Solution. -From Table 3, Div. 10, the demand factor is 1.0. Since the current in the 
most heavily loaded outside wire (100.5 X 1.0) is less than 200, the load on the neutral = 
(100.5 X 1.0)1.41 = 142 amp. 

Example. —The actual connected load of the most heavily loaded outside wire of a 
five-wire, two-phase lighting feeder is 350 amp. The feeder supplies an office building 
of 40,000 sq. ft. Determine the load on the neutral. 

Solution. —From Table 3, Div. 10, a demand factor of 1.0 for the load on the first 
10,000 sq. ft., and of 0.70 for the load on all area in excess of 10,000 sq. ft. should be used. 

The actual connected load on the first 10,000 sq. ft. = 356 X ~ 8® 

40,000 

30 000 

The actual connected load on the area in excess of 10,000 sq. ft. = 356 X ^ qq - q q * 267 

The load on the most heavily loaded outside wire = (89 X 1.0) + (267 X 0.70) ■» 276 
amp. Since the load on the most heavily loaded outside wire is greater than 200, the 
load on the neutral = (200 X 1.41) + (276 — 200) 

= 358 amp. 
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56. Calculation of Load on Four-wire, Three-phase Lighting Feeders 
or Mains.—The present or future load on any outside wire is equal to 
the sum of the actual connected or future load of all panels connected to 
that wire times the proper demand factor as determined from Table 3, 
Div. 10. If the load on the most heavily loaded outside wire, after the 
demand factor is applied, is 2(X) amp. or less, the load on the neutral 
should be taken equal to that of the most heavily loaded outside wire. 
If the load on the most heavily loaded outside wire, after the demand 
factor is applied, is greater than 200 amp., the load on the neutral can be 
taken as 200 amp. plus 0.70 of the current in excess of 200 amp. on the 
most heavily loaded outside wire. 


Example .—The actual connected load on thf most heavilj loaded outaide wire of a 
lighting feedei suppl>ing a hotel with an area of BO.OOO hcj. ft. is 378 ami). There are 
no piovisions for individual cooking. Determine the proper pieaent load to allow on 
the neutral wire. 

Solution .—From Table 3, Div. 10, the following demand factors should be used: 0.5 
for load on first 10 000 sq. ft., 0.4 foi load on area between 10,000 and 50,000 sq. ft., 
0.3 for load on aiea in excess of 50,000 sq. ft. 


Actual connected load foi fiist 10,000 sq. ft. = ^fib ~ ^ 

Actual connected load foi aiea between 10,000 and 50,000 sq ft. = ——^OfThhlr 

378 X 10 000 

Actual connected load foi men in excess of 50,000 sq it. « - n ’ - = 63 

uU f UUU 

Present load on most heavily loaded outside wire — (03 X 0.5) + (252 X 0.4) + (63 

X 0.3) 

= 31.5 + 100.8 + 18.9 = 151.2 

Present load on neutial - 182.7 


67. Calculation of Load on Any Circuit Supplying Only Electric Ranges. 

The current load on any circuit which supplies only household cooking 
and baking appliances is equal to the sum of the rated currents of the 
appliances fed from the circuit times the proper demand factor from 
Table 2 of Div. 10. 

58. Calculation of Load on a Feeder or Main Supplying a Lighting 
Load and Electric Ranges.—The current load on a feeder or main supply¬ 
ing a lighting load and household cooking and baking appliances is equal 
to the current load recpiired for the lighting load figured in accordance 
with Secs. 51 to 66 plus the current load for the ranges figured in accord¬ 
ance with Sec. 57. 

59. Minimum Allowable Load to Use for Any Lighting Feeder or 
Main.—The National Electrical Code specifies definite rules for computing 
the minimum loads for a given area. Lighting feeders or mains must be 
of sufficient size to carry safely at least the amperes required by these 
rules regardless of the actual connected load. The areas employed in 
applying the rules should be gross floor areas as determined from the 
outside dimensions of the building and the number of floors. Floor areas 
of unoccupied cellars, unfinished attics, and open porches need not be 
included. 
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The minimum allowable watt load for any area is equal to the area 
times the minimum allowable watts per square foot for that type of area 
times the proper demand factor. The minimum allowable watts per 
square foot and the allowable demand factors for different types of areas 
are given in Table 4 of Div. 10. After the minimum allowable watt load 
has been determined, the corresponding ampere load may be determined 
from one of the following formulas, depending upon the type of electric 
system employed. 

Two-wire, d-c or single-phase: 

T _ minimum allowable watts /OA 

1 ~E~ W 


Three-wire, d-c or single-phase: 

Outside wire 


minimu m allowable watts _ 

2 X (voltage between an outside wire and neutral) 


Neutral, if current in outside I — current in outside wire 
wires is 200 amp. or less. 

Neutral, if current in outside 0.70 X (current 

wires is greater than 200 amp. / = 200 + in outside wire 

- - 200 ) 

Four-wire, two-phase: 

, _ minimum allowable watts 
2E 

Three-wire, two-phase: 

Outside wire 

j __ _ m inimum allowable watts _ 

2 X (voltage between an outside wire and the common wire) 
Common wire 7 — 1.41 X current in outside wire 


(3) 

(4) 

( 5 ) 

( 6 ) 

(7) 

<S) 


Five-wire, two-phase: 

Outside wire 


minimum allowable watts 
4 X (voltage between an outside wire and neutral) 


Neutral, if current in 
outside wire is 200 
amp. or less 
Neutral, if current in 
outside wire is greater 
than 200 amp. 


7 = 1.41 X current in outside wire 


7 = (200 X .141) -f current in outside 
wire in excess of 
200 amp. 


(9) 

( 10 ) 

( 11 ) 


Three-wire, three-phase: 

, _ minimum allowable watts 
1.73 X E 


( 12 ) 
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Four-wire, three-phase: 

Outside wire 

j __ minimum allowable watts _ 

3 X (voltage between an outside wire and neutral) ^ 

Neutral, if current in I = current in outside wire (14) 

outside wire is 200 
amp. or less 

Neutral, if current in I = 200 4* (0.70 X current in outside (15) 

outside wire is greater wire in excess of 200 amp.) 

than 200 amp. 

The above rules for computing the minimum load do not include any 
load for electrically heated cooking and baking appliances. Tn instal¬ 
lations having such loads, the heating load should be determined from 
Sec. 57 and added to the minimum allowable watts as calculated above. 


Example .—Determine the minimum allowable loading of a two-wire, 115-volt, 
single-phase feeder supplying a dwelling having an aiea of -1,500 sq. ft. 

Solution .—From Table 4, Div. 10, the minimum allowable load is 2 watts per square 
foot plus 1,500 watts allowance for appliances. From Table 4, Div. 10, the demand 
factor is 1.0 for the first 2,500 watts, and 0.3 for all load in excess of 2,500 watts. 

4,500 sq. ft. at 2 watts = 9,000 watts 

Allowance for appliances = 1,500 watts. Total wattage based on area = 9,000 
+ 1,500 «* 10,500 watts 

Minimum allowable load = 2,500 + (10,500 — 2,500) X 0.3 = 4,900 watts 
Minimum allowable current = = 42.0 amp. 

Example .—Determine the minimum allowable loading of a feeder supplying a multi¬ 
family dwelling having an area of 30,800 sq. ft. with 44 apartments. 

Solution .—From Table 4, Div. 10, 2.0 watts must be allowed for each square foot 
plus 1,500 watts for appliances for each apartment. The demand factor for the first 
3,000 watts from Table 4 of Div. 10 is 1.0 and 0.35 for all wattage in excess of 3,000 watts. 
Lighting load = 2 X 30,800 - 61,000 

Appliance load =* 44 X 1,500 = 66,000 

Total load based on area = 127,600 watts 

Minimum allowable watt load = 3,000 + (127,600 — 3,000)0.35 =* 43,610 watts 
For a two-wire, 115-volt, single-phase or d-c system: 


43,61 0 

115 


379.2 amp. 


For a three-wire, 115/230-volt, single-phase or d-c system: 

T , , ., . . 43,610 tontt 

/(outside wires) = ^ ^ = 189.6 amp. 

/(neutral) = /(outside wire) = 189.6 amp. 


For a four-wire, 115-volt, two-phase system: 


43,610 
2 X 115 


189.6 amp. 


For a three-wire, 115-volt, two-phase system: 

n .’a • s 43,610 

/(outside wires) = = 189.6 amp. 

/(common wire) * 1.41 X 189.6 * 267 amp. 
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For a five-wire, 115/230-volt, two-phase system: 

r , A , 43,610 

/(outside wires)- 


94.8 amp. 


4 X 115 

/(neutral) =■ 1.41 X 94.8 — 134 amp. 


For a four-wire, 120/208-volt, three-phase system: 

43,610 


/(outside wires) 
/(neutral) 


3 X 120 
/(outside wiie) 


121 amp. 
121 amp. 


Example .—Determine the minimum allowable loading for a three-wire, 115/230-volt 
feeder supplying an apartment house having a total floor area of 32,000 sq. ft. with 
40 apartments. One-half of the apartments are equipped with eleetric ranges of 
8 kw. each. 

Solution .—From Table 4 of Div. 10, 2 watts must be allowed for each square foot 
plus 1,500 watts for appliances for each apartment. From Table 4 of Div. 10, the 
demand factors on the lighting and appliance loads are 1.0 for the first 3,000 watts and 
0.35 for all load in excess of 3,000 watts. From Table 3 of Div. 10, the demand factor 
for the range load is 0.28. 

Lighting load = 2 X 32,000 = 64,000 

Appliance load = 40 X 1,500 = 60,000 

Total lighting and appliance load = 124,000 watts 

Minimum allowable lighting and appliance load = 3,000 4* (124,000 — 3,000)0.35 

= 45,350 watts 

Range load - 20 X 8,000 X 0.28 = 44, 800 watts 

Total minimum allowable watt load = 90,150 watts 


/(outside wires) 


J)0,LS0^ 
2 X 115 


392 amp. 

/(neutral) = 200 + (392 - 200)0.70 = 334.4 amp. 


Example .—Determine the minimum allowable loud for a feeder supplying an office 
building having an aiea of 100,000 sq. ft. 

Solution— -Fiom Table 4, Div. 10, 2 watts must be allowed pel squaie foot. From 
Table 4, Div. 10, the demand factor is 1.0 foi the first 20,000 watts and 0.70 for all load 
in excess of 20,000 watts. 

Watt load based on aiea = 100,000 X 2 = 200,000 watts 

Minimum allowable watt load = 20,000 + (200,000 — 20,000)0.70 — 146,000 watts 
Foi a thiee-wiie, 115/2,10 volt, single-phase oi direct-cunent system: 

r/ * - i . v 146,000 .... 

/(outside wnes) = (> — — - — 635 amp. 


/(neutral) 


• 200 + (635 - 200)0.7 
■ 504.5 amp. 


For a five-wire, 115/230-volt, two-phase system: 

146,000 


/(outside wires) = - 
/(neutral) 


317.5 amp 


4 X 115 

- (200 X 1.41) + (317.5 - 200) 
= 282 + 117.5 
= 399.5 amp. 

For a four-wire, 120/208-volt, three-phase system: 


/(outside wires) m 


146,000 


« 405 amp. 


3 X 120 

/(neutral) - 200 + (405 - 200)0.70 
■» 343.5 amp. 
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60. Calculation of Load on Motor Branch Circuits.—For continuous- 
duty motors the load on the branch circuit feeding a single motor is taken 
as 125 per cent of the full-load rated current of the motor. The load on 
a branch circuit supplying a motor in a class of service having short-time 
duty depends upon the character of the loading. In the majority of cases 
the load need not be greater than the percentages of the full-load rated 
currents given in Table 10 of Di\. 10. The average full-load rated 
currents of the different types and sizes of motors are given in Tables 6 to 
9 of Div. 10. 

The load on conductors connecting the secondary of a wound-rotor, 
polyphase induction motor to its controller is taken as 125 per cent of the 
full-load secondary current of the motor for continuous-duty motors, 
and not less than the percentages given in Table 10 of Div. 10 of the 
full-load secondary current for short-time duty motors. The loads on 
the conductors connecting the controller with the secondary resistors 
must be taken at not less than the proper percentage, as given in Table 11 
of Div. 10, of the full-load secondary current. The value of the full-load 
secondary current should be obtained from the manufacturer of the motor 
since its value will depend upon the design of the motor. For preliminary 
studies the secondary current may be taken equal to the motor full-load 
line current for values of full-load current up to about 20 amp. For 
larger motors the secondary current is usually less than the full-load line 
current. For a motor with a full-load line current of about 50 to 70 amp., 
the secondary current is about two-thirds of that value; for a full-load 
line current of about 80 to 120 amp , the secondary current is about 
one-half of that value; for a full-load line current of about 150 to 250amp., 
the secondary current is about one-third the full-load line value. 

61. Calculation of Load on Motor Feeders and Mains.—Two values 
of load should be computed for motor feeders or mains: one the maximum- 
demand starting current, and the other the maximum-demand running 
current. The maximum-demand running current may be used in deter¬ 
mining the size of wire required to carry the current safely. Although 
this meets the requirements oi the National Electrical Code, many author¬ 
ities consider it better practice to use the maximum-demand starting 
current in determining the size of wire according to carrying capacity, 
since then the circuit can be protected against both straight overload 
and short circuit. When the maximum-demand running current is 
used for determining the size of wire according to carrying capacity, the 
circuit can be protected only against short circuit or very heavy over¬ 
loads and not against overloads of moderate severity. The maximum- 
demand running current is used for computing the voltage drop of the 
circuit. The maximum-demand starting current is employed in deter¬ 
mining the proper size of protective equipment for the circuit. Values 
of the average starting currents of motors are given in Tables 12, 13, and 
14 of Div. 10. 
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The National Electrical Manufacturers* Association (N.E.M.A.) 
adopted in 1940 a standard of identifying code letters that must be 
marked by the manufacturers on motor name plates to indicate the motor 
kilovolt-ampere input with locked rotor. These code letters with their 
classification are given in Table 12 of Div. 10. At the time of this writing 
the code letters have not been classified with respect to the types of 
motors to which each will normally apply. In determining the starting 
current to employ for circuit calculations, use values from Table 13 of 
Div. 10 if the motor name plate is marked with the N.E.M.A. identifying 
code letter; otherwise, use values from Table 14 of Div. 10. 

In many installations where the number of motors is greater than 
five, all the motors would not be running at full load at the same time. 
It is general practice, therefore, on such feeders or mains to use a maxi¬ 
mum-demand factor so that the estimated maximum-demand current is 
loss than the sum of the full-load rated currents of all the motors fed 
from the circuit. Values of maximum-demand factors that have been 
found satisfactory for ordinary installations are given in Table 5 of Div. 
10. It should be remembered, in applying these demand factors, that 
th^y are average values satisfactory for ordinary installations. Before 
they are used, a careful study of the operating conditions of the plant 
should be made, in order to determine whether the conditions of instan¬ 
taneous loading of the motors will come within the average conditions or 
■whether there are some special requirements that will submit the feeders 
to a greater loading than will be taken care of by these factors. 

Permission for the use of a demand factor must be obtained from the 
authority enforcing the Code. Some authorities recommend that no 
demand factor be used in determining the size of circuit to install so that 
the additional current capacity, thus allowed in the circuit, will give some 
spare capacity for growth. Refer to Sec. 42 for further discussion on 
allowance for growth. 

The following formulas give the methods of computing the maximum- 
demand starting and running currents for motor feeders and mains: 


( Starting\ _ 
current / 


^Starting ^ 
current 
of largest 
V motor I 


(( Sum of full-^ 
load rated cur- 
routs of all the 
motors except j 
the largest 


( Running\ 
current / 


1.25 X \ 
full-load \ 
current I + 
of larg- / 
^est motor/ 


( Demand \ 
factor / 


( Sum of full- \' 
load rated cur- \ 
rents of all 1 
motors except / 
largest / . 


(16) 


(17) 


Where a number of motors of equal horsepower rating are the largest in 
the group supplied by the circuit, one of these motors should be taken as 
the largest motor for the calculation of the load on the circuit. 
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Where two or more motors must be started at the same time, it will 
generally be necessary to increase the load on the circuit above the values 
obtained from Eqs. (16) and (17). 

Example .—Determine the load on a 220-volt feeder supplying two 10-hp. and two 
15-hp. motors. All the motors are three-phase, squirrel-cage induction, normal- 
starting-current type started at reduced voltage. 

Solution .—From Table 9 of Div. 10 the full-load current of a 10-hp., 220-volt, squirrel- 
cage induction, three-phase motor is 27 amp., and the full-load current of a 15-hp. 
motor is 38 amp. The starting current of a 15-hp., squirrel-cage induction motor 
started at reduced voltage from Table 14 of Div. 10 is 200 per cent of the full-load 
current. 


Maximum-demand starting current - (2.00 X 38) -f 38 -f- (2 X 27) 

- 76 + 38 f 54 

- 168 amp. 

Maximum-demand i unning cun cut = (1.25 X 38) } 38 -j- (2 X 27) 

- 140 amp. 

Example. —Determine the load on a 440-\olt feedci supplying three 5-hp. motors 
two 10-hp. motors, and thiee 15-hp. motors. All the motors are of the low-starting- 
current, squirrel-cage type, three phase. 

Solution. —From Table 9 of Div. 10 the full-load current of a 5-hp., three-phase, 
low-starting-current, squirrel-cage mofoi is 7.5 amp.; of a 10-hp. motor, 14 amp.; and 
of a 15-hp. motor, 19 amp. From Table 5 of Div. 10 the maximum-demand factor is 
0.75. Permission has been obtained for the use of this factor. 

Maximum-demand starting current = (2.5 X 19) + 0.75[(3 X 7.5) { (2 X 14) -f 

(2 X 19)] 

= 48 + 0.75(22.5 + 28 j 38) 

- 114 amp. 

Maximum-demand running eiurent = (1.25 X 19) -j- 0.75[(3 X 7.5) + (2 X 14) f 

(2 X 19)] 

--24 j 0 75(22.5 \ 28 -f 38) 

= 90 amp. 

Example. —Determine the load on a 230-volt, d-c feedei supplying three 3-hp. motors, 
five 5-hp. motors, and one 20-hp. motor. 

Solution. —From Table 6 of Div. 10 the full-load current of a 3-hp., 230-volt, d-c 
motor is 12.3 amp.; of a 5-hp. motor, 19.8 amp., and a 20-hp. motor, 74 amp. The 
starting current of a d-c motor from Table 14 of Div. 10 is 150 per cent of its full-load 
current. Fiom Table 5 of Div. 10 the maximum-demand factor for nine motors is 
0.75. Permission has been obtained for the use of this factor. 

Maximum-demand staiting cm rent = (1.50 X 74) + 0.75[(3 X 12.3) -f (5 X 19.8)] 

= 111 + 0.75(36.9 -f 99.0) 

= 111-4- 102 = 212 amp. 

Maximum-demand running current = (1.25 X 74) + 0.75((3 X 12.3) + (5 X 19.8)] 

- 93 + 0.75(36.9 + 99.0) 

- 93 + (0.75 X 135.9) 

- 93 + 102 = 195 amp. 

62. Load on Combined Motor and Lighting Circuits.—In cases where 
both motors and lamps are fed from the same circuit, proceed as follows in 
determining the total load of the circuit. 
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1. Determine the lighting load. 

2. Determine the motor load. 

3. Total load is equal to the sum of the lighting and motor loads. 

63. General Considerations in Computing Voltage Drop.—In making 
calculations for the voltage drop in a circuit the future current (Sec. 42) 
should be used for lighting circuits, the maximum running current with 
allowance for growth (Sec. 42) for motor feeders or mains, and the full¬ 
load current for motor branch circuits. 

The resistance employed in the calculations should be the value cor¬ 
responding to the operating temperature of the conductors. The follow¬ 
ing rules with respect to the values of operating temperatures to employ 
in voltage-drop calculations represent good practice for wires loaded 
between 50 to 100 per cent of their allowable carrying capacity. 

1. Use 50°C. for wires insulated with Code, intermediate, or moisture- 
resistant rubber compounds. Types R and RW wires. 

2. Use 60°C. for wires insulated with A.S.T.M. 30 per cent Class AO, 
performance, latex, ozone, and corona-resisting or chemical-resisting 
rubber compounds. Types RP, RPT, and RIT. 

3. Use 60°C. for wires insulated with synthetic rubberlike compounds. 
Type SN. 

4. Use 70°C. for all wires not included in 1, 2, and 3 above. 

For wires loaded less than 50 per cent of their allowable carrying capacity 
the temperature should be reduced from 15 to 20° below the above values. 
The resistance of copper wire varies somewhat with the method of draw¬ 
ing the wire. As a general rule the voltage drop of a circuit will depend 
upon several variables, the value of which cannot possibly be determined 
accurately. It is not practical, therefore, to spend too much time in 
accurately determining the value of the resistance of the wires. An 
average value of 98 per cent conductivity for copper wires is generally 
satisfactory. Copper of 98 per cent conductivity has a resistivity of 
approximately 10.6 ohms per cir. mil-ft. at 20°C., 11.2 ohms at 30°, 11.6 at 
40°, 11.8 at 50°, 12.3 at 60°, and 12.7 at 70°. Tables of resistance of 
wires are given in Div. 10. 

The length of the circuit should be taken as the distance along the cir¬ 
cuit from the supply end to the load center. Where a load is distributed 
along the circuit, the total current does not flow the complete length of 
the circuit. Therefore, if the actual length of the circuit were used in 
computing the voltage drop, the drop determined would be greater than 
the drop that would actually occur. The load center of a circuit is that 
point in the circuit where, if the load were concentrated at that point, the 
drop would be the same as the voltage drop to the farthest load in the 
actual circuit. 

64. The load center of a circuit may be determined in the following 
manner: Multiply each load by its distance from the supply end of the 
circuit Add these products for all the loads fed from the circuit and 
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divide this sum by the sum of the individual loads. The result thus 
obtained is the distance from the supply end of the circuit to the load 
center. It is this length that should bo employed in computing the volt¬ 
age drop of the circuit (see solution of example in Fig. 33). 


- j 50 i -->| 

- !00- -->j ! 

-- 


, ^ r -- ^Center 

CALCULATIONS 

80 x /00A - 8000 
/00'x 40 A *4000 
/30x 20 A - 2600 

/so a) iwooo(e/.ds-?£!3%X r 

~ldd 

/&o 

400 

380 

800 

800 

Fu«. 33.— Method of computing location of load centei. 

The load center of a group of receivers symmetrically arranged (Fig 34) 
and all of the same output will be in the middle of the group. Always 
take the distance along the circuit as L, Fig. 34. 


LL.. 


Lamps of 
equal input 

load Center-^ 



65. Calculation of Voltage Drop in D-c, Two-wire Circuits by Means of 
Formula.—The voltage drop may be calculated by means of either Eq. 
(18) or (19), and the size of wire to produce a given voltage drop can be 
calculated by Eq. (20). 

F = 2 R XL XI (18) 

where V * drop in volts in the circuit; R = resistance of wire in ohms per 
foot (values of resistance for copper conductors can be obtained from 
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Table 46 of Div. 10); / - current in amperes; and L — length one way or 
single distance of circuit in feet. 


2K XL XI 
cir. mils 


(19) 


where V — drop in volts in the circuit; K — resistivity of material of 
conductor in ohms per circular mil foot (values of K for copper conductors 
can be obtained from Sec;. 63; sufficient accuracy will be obtained for most 
cases by using the following more approximate values: 12 for circuits 
loaded between 50 and 100 per cent of their allowable carrying capacity 
and 11 for circuits loaded less than 50 per cent of their allowable carrying 
capacity); / = current in amperes; L = length one way or single dis¬ 
tance of circuit in feet; cir. mils = area of conductor in circular mils. 


Cir. mils 


2K X / X L 
- Y~ ’ 


cir. mils X V 
2KXL ’ 


cir. mils X V 
2K XI 

( 20 ) 


66. Determination of Voltage Drop in D-c, Two-wire Circuits by 
Means of Chart.—A graph for computing the voltage drop in circuits 
(Sec. 38 of Div. 10) was originally proposed by R. W. Stovel and N. A. 
Carle in The Electric Journal for June, 1908. It is based on a resistivity 
of 10.7 ohms per circular-mil foot of copper wire. The chart will, there¬ 
fore, give satisfactory results for circuits loaded less than 50 per cent of 
their allowable carrying capacity. For most circuits, which are loaded 
to between 50 and 100 per cent of their allowable carrying capacity, the 
voltage drop obtained from the chart should be increased by 10 per cent. 
The length of the circuit that should be employed in using the chart is the 
distance from the supply end to the load center, not the total length of 
wire. The voltage drop as read from the chart is the total drop in both 
Mures. In order to determine the voltage drop of a circuit from the chart, 
proceed as follows: 

1. Start on the lower left-hand scale at the value of current for the 
circuit. 

2. Follow this point vertically upward to the diagonal line for the size of 
wire of the circuit. 

3. From this intersection proceed horizontally to the right to the 
diagonal line w r hose number coincides with the length of the circuit one 
way. 

4. At this intersection drop vertically downward to the voltage-drop 
scale. 

5. The reading on the voltage-drop scale will be the drop in volts in 
both wires of the circuit for lightly loaded circuits as discussed above. 

6. For normally loaded circuits the voltage drop will be equal to 1.1 
times the value read from the chart. 


Example ,—What will be the voltage drop of the motor feeder for the last problem 
of Sec. 61 , if the length of circuit is 150 ft. and a No. 4/0 Type RH wire is employed? 
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Solution .—The maximum-demand running cuirent of 195 amp. should be used in 
determining voltage drop. From Table 42 of Div. 10 a No. 4/0 wire has 212,000 cir 
mils and from Table 20 of Div. 10 has a cairying capacity of 230 amp. 

Using the formula 


24 X I XL 
cir. mils 


22 X 195 X 150 

212,000 


— 3.3 volts drop 


Using the chart: Start at the bottom of the chait on the left-hand side at 195 amp. and 
follow this point vertically upward until it intersects the diagonal line marked No. 0000. 
Fiom this intersection proceed hoiizontally to the right until the diagonal line marked 
150 is icached. At this intersection drop veitically downward to the voltage-drop 
scale, and read 3.0 volts. Since the wire is loaded to more than 50 per cent of its capac¬ 
ity, the voltage drop equals 3.0 X 1.1 = 3.3 volts. 


67. Determination of Voltage Drop in D-c, Three-wire Circuits.— 

Kither the formulas of See. 66 or the chart of Sec. 38, Div. 10, may be 
used for determining the voltage drop of d-c, three-wire circuits. In 
either case the current used should be that of the more heavily loaded 
outside wire, and the size of conductor that of the outside conductors. 
The drop thus obtained from either the formula or the chart will be the 
drop between the outside wires. What is desired is the drop across each 
receiver or the drop between an outside wire and the neutral wire. The 
approximate voltage drop to each receiver will be one-half of the value 
determined from either the formula or the chart. This value will be 
correct for a balanced load. When the load is unbalanced the current in 
the neutral wire will cause an additional voltage drop which will not have 
the same effect on the two sides of the circuit. Since in a well-laid-out 
system the load will be nearly balanced, the method given is satisfactory 
for most cases. 


Example .—Determine the voltage drop on a thiee-wire lighting feeder 100 ft. long. 
The actual load on one side is 147 amp., and on the other side 158 amp. The future 
load on one side is 170 amp., and on the other side 175 amp. A No. 4/0 Type IIP wiie 
is used for the outside conductors. 

Solution .—The future load on the more heavily loaded side should be used in deter¬ 
mining voltage drop. A No. 4/0 Type RP wire from Table 42, Div. 10, has 211,600 
cir. mils, and from Table 20, Div. 10, a carrying capacity of 193 amp. 

Using the formula 


24 X I XL = 24 X 175 X 100 
cir. mils 211,600 


1.99 volts 


Using the chart: Start at the bottom of the chait on the left-hand side at 175 amp. and 
follow this point vertically upward until it intersects the diagonal line marked No. 0000. 
From this intersection follow horizontally to the right until the diagonal line marked 
100 is reached. At this intersection drop vertically downward to the voltage-drop 
scale, and read 1.8 volts’ drop. The voltage drop will be equal to 1.8 X 1.1 =* 1.98. 

The drop across each receiver is one-half of the drop determined by the formula or 
chart. The drop across each receiver is, therefore, 1.0 from the formula or 0.99 from 
the chart. 


68. The voltage drop in a-c circuits is affected by several factors that 
have no effect in d-c circuits. These factors are (1) power factor of the 
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load, (2) inductance of the circuit, (3) capacity of the circuit, and (4) 
increased resistance of the circuit to alternating current. 

As discussed in Div. 1, when alternating current flows in a circuit, the 
resistance is increased, owing to skin effect. This increase in resistance 
for most circuits is so small that it need not be considered. Unless the 
size of the conductor is greater than 750,000 cir. mils for 25-cycle circuits 
or 300,000 cir. mils for 60-cycle circuits, skin effect may be neglected, and 
the resistance of the wire taken the same as for direct current. When 
skin effect must be considered in copper conductors, its effect can be 
allowed for by multiplying the d-c resistance of the wire by the proper 
factor from Tables 46, 49, or 50 of Div. 10. The a-c resistances for all- 
steel, copper-steel, and aluminum cable steel-reinforced can be determined 
directly from Tables 51 to 55 in Div. 10. 

As discussed in Div. 1 the phenomenon of inductance causes a voltage 
to be induced in an a-c circuit which opposes the flow of current in the 
circuit. Inductance, therefore, offers opposition to the flow of alternating 
current in a circuit. This opposition is called the inductive reactance of 
the circuit and is represented by the symbol Xl. The value of the induc¬ 
tive reactance of a circuit depends upon the size of the wire, the distance 
between the wires of the circuit, the frequency of the current flowing in the 
circuit, the material of the conductor, and the presence of any magnetic 
material in proximity to the circuit. The voltage drop, due to inductance, 
produced in a circuit is equal to the current times the inductive reactance. 
For small-sized conductors the effect of inductance is so small that it can 
be neglected (see Sec. 39 of Div. 10). 

The two conductors of any circuit with the insulation between them 
produce a condenser. They therefore introduce capacity into the circuit. 
The effect of capacity in an a-c circuit is to offer opposition to the flow of 
current. This opposition is called capacity reactance and is denoted by 
the symbol X c . The voltage drop in a circuit due to capacity is equal to 
the current times the capacity reactance. The effect of capacity upon the 
voltage drop of the circuit is so small except for high-voltage, long-dis¬ 
tance transmission lines that it is neglected. 

The total voltage drop in an a-c circuit due to the resistance and react¬ 
ance is affected by the power factor of the load connected to the circuit. 

69. Summary of Factors That Must Be Considered in Calculating Drop 
for A-c Circuits.—Skin effect can usually be neglected unless the size of 
wires is greater than 300,000 cir. mils for 60-cycle circuits or 750,000 cir. 
mils for 25-cycle circuits. 

The effect of capacity can be neglected except for long-distance trans¬ 
mission lines. 

The effect of inductance can be neglected unless the size of wire exceeds 
the values given in Table 39 of Div. 10. 

70. Line or circuit reactance can be reduced in three ways. One of 
these is to diminish the distance between wires. The extent to which this 
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can be carried is limited, in the case of a pole line, to the least distance at 
which the wires are safe from swinging together in the middle of a span. 
In inside wiring (knob or cleat work), it is limited by the separation dis¬ 
tances required by the Underwriters. In conduit work, nothing can be 
done about reducing the distance between wires. Another way of reduc- 
ing the reactance is by increasing the size of the conductors, but it is not 
possible to secure much reduction by this method unless the size is 
increased an excessive amount. The third way of reducing reactance is to 
divide the load into a greater number of circuits. Voltage drop in lines 
due to inductive reactance is best diminished (Mershon) by subdividing 
the copper or by bringing the conductors closer together. It is little 
affected by changing the size of conductor. 

71. Determining Power Factors of Feeders or Mains.—Although the 
values of power factors obtained by the following method are approximate, 
they are accurate enough for most circuit calculations. To determine the 
power factor of a circuit supplying several motors proceed as follows: 

1. Multiply the horsepower of each motor by its power factor at 75 per 
cent of rated load. 

2. Add these products for all the motors fed from the line. 

3. The approximate power factor of the circuit will equal the sum 
obtained in (2) divided by the total horsepower connected to the circuit. 

Approximat e power factors of different types of loads are given in Table 
41 of Div. 10. 


Example .—Determine the power factor for a feeder supplying two 5-hp. motors, 
five 10-hp. motors, and one 50-hp. motor. 

Solution. 


Hp. of motor X power factor =* product of hp. and p.f. 
(From Table 41, Div. 10) 


5 

X 

0.83 

= 

4.15 

5 

X 

0.83 

= 

4.15 

10 

X 

0.85 

= 

8.50 

10 

X 

0.85 

= 

8.50 

10 

X 

0.85 

= 

8.50 

10 

X 

0.85 

= 

8.50 

10 

X 

0.85 


8.50 

50 

X 

0.91 

= 

45.5 

110 total 

1 connected hp. 


96.30 


Approximate power factor of circuit 


sum o f products of hp. and p.f. 
total connected hp. 


06.3 

110 


87.5 


72. Calculation of Voltage Drop in Two-wire, Single-phase Circuits 
When Effect of Inductance Can Be Neglected.—These circuits may be 
calculated in the same way as d-c circuits, by means of either the formulas 
of Sec. 65 or the chart of Sec. 38 of Div. 10. 

73. Calculation of Voltage Drop in Three-wire, Single-phase Circuits 
When Effect of Inductance Can Be Neglected.—Circuits of this type may 
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be calculated in exactly the same manner as three-wire, d-c circuits (see 
Sec. 67). 

74. Calculation of Voltage Drop in Four-wire, Two-phase Circuits 
When Effect of Inductance Can Be Neglected.—A four-wire, two-phase 
circuit may be considered as two separate single-phase circuits, and the 
voltage drop computed in the same manner as given for two-wire, d-c 
circuits in either Sec. 66 or Sec. 66. 

76. Calculation of Voltage Drop in Three-wire, Two-phase Circuits 
When Effect of Inductance Can Be Neglected.—The voltage drop in the 
common wire of three-wire, two-phase systems somewhat unbalances the 
voltages of the two phases, and, therefore, the voltage drop of the two 
phases is not the same. An exact method of the calculation of the volt¬ 
age drop of these circuits is too complicated for the scope of this book. 
The following method will give the approximate voltage drop on the phase 
having the greater voltage drop. It is accurate enough for most interior¬ 
wiring calculations. Proceed as follows: 

1. Determine the voltage drop in one outside wire. It will be equal 
to one-half of the voltage drop determined bv means of either the formulas 
of Sec. 66 or the chart of Sec. 38 in Div. 10. 

2. Determine the voltage drop in the common wire. This will be 
equal to one-half of the voltage drop determined by means of either the 
formulas of Sec. 66 or the chart of Sec. 38 in Div. 10, the size of wire and 
current for the common wire being used. 

3. The total voltage drop is taken as equal to the drop in one outside 
wire plus 0.8 times the voltage drop in the common wire. 


Example .—Determine the voltage drop of a three-wiie, two-phase, 60-cycle lighting 
feeder which is 200 ft. long and installed in conduit. The current in each outside wire 
is 130 amp. A No. 2/0 wire is used for the outside wires, and a No. 4/0 for the common 
wire. All wires are Type RP. 

Solution .—Since the largest wiie used is No. 4/0, fiom Table 39 of Div. 10 the effect 
of inductance can be neglected. From Table 42 of Div. 10 a No. 2/0 wire has 133,100 
cir. mils, and a No. 1/0 wire 211,600 cir. mils. From Table 20 of Div. 10 all wires are 
loaded to more than 50 pei cent of their cairying capacity. 


Drop in two outside wnes 

Drop in one outside wire ! 
Current in common wire 
Drop in common wire 


24 X T X L 24 X 130 X 200 


2.4 volts 


cir. mils 
4J8 
2 

■ 1.41 X 130 = 
24 X / XL 


133,100 


4.8 volts 


183.5 amp. 

24 X 183.5 X 200 


2 X cir. mils 2 X 211,600 
Total voltage drop - 2.4 + (0.8 X 2.08) - 2.15 + 1.66 
= 4.06 volts drop 


2.08 volts 


76. Calculation of Voltage Drop in Five-wire, Two-phase Circuits 
When Effect of Inductance Can Be Neglected.—In a well-laid-out system 
the load will be very nearly balanced under normal conditions. There¬ 
fore. there would be practically no current in the neutral wire. For 
lighting loads supplied by this system the lamps are connected between 
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the neutral wire and the respective outside wires. The drop to any lamp 
therefore would be equal to the drop in one outside wire. The drop in one 
outside wire will be equal to one-half of the drop determined by either the 
formulas of Sec. 65 or the chart of Sec. 38 of Div. 10. The drop to motors 
fed by this system would be equal to the drop in two outside wires and, 
therefore, to the drop determined by either the formula or the chart. 

77. Calculation of Voltage Drop in Three-wire, Three-phase Circuits, 
When Effect of Inductance Can Be Neglected. —The voltage drop in 
these circuits will be equal to 0.866 times the voltage drop of a two-wire, 
d-c circuit carrying the same current as the three-phase circuit. This 
drop may be determined from either the formulas of Sec. 65 or the chart of 
Sec. 38 of Div. 10. 


Example .—Determine the voltage drop of a three-wire, three-phase, 60-evcle motor 
feeder which is 150 ft. long. Three No. 2 Type RP wires aie installed in conduit. 
The current is 85 amp. 

Solution .—Since the size of wire is No. 2, fiom Table 39 of Div 10 the effect of induct¬ 
ance can be neglected. From Table 42 of Div. 10 a No. 2 wiie has 66,370 cir. mils, 
and from Table 20 of Div. 10 a carrying capacity of 96 amp. 


The drop in a two-wire, d-c circuit carrying 85 amp. over a No. 2 wire 


24 X 85 X 150 
66,370 


— 4.61 volts 


24 X T X L 
cir. mils 


Therefore, drop of the three-phase sa stern — 0.866 X 4.61 

- 1.0 volts 


78. Calculation of Voltage Drop in Four-wire, Three-phase Circuits 
When Effect of Inductance Can Be Neglected.—In a wcll-laid-out system 
the load will be very nearly balanced under normal load conditions. 
Therefore, there will be practically no current in the neutral wire. For 
lighting loads supplied by this system the lamps are connected between 
the neutral wire and the respective outside wires. The drop to any lamp, 
therefore, is equal to the drop in one outside wire. The drop in one out¬ 
side wire will be equal to one-half of the drop determined by either the 
formulas of Sec. 66 or the chart of Sec. 38 of Div. 10. The drop to motors 
fed by this system is the drop between any two outside wires. This drop 
is equal to 0.866 times the voltage drop of a two-wire, d-c system carrying 
the same current as the three-phase system. (Use either the formulas of 
See. 65 or the chart of Sec. 38 of Div. 10 for determining the d-c drop.) 

79. Calculation of Circuits When Effect of Inductance Cannot Be 
Neglected. —Two methods are given in the following paragraphs for 
calculating the voltage drop of circuits when the effect of inductance is so 
great that it cannot be neglected (see Sec. 39 of Div. 10 for rules indicating 
when inductance must be considered). In one of these methods the 
voltage drop in the actual a-c circuit is calculated by multiplying the 
drop of a d-c circuit by a factor called the drop factor. This drop factor 
is the ratio between the actual drop and the drop that would occur if 
there were no inductance. The drop factor is affected by the size of 
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wire, spacing of the wires of the circuit, the frequency of the current, and 
the power factor of the load. Values of drop factors for various condi¬ 
tions in which concentric stranded copper conductors are used are given in 
Table 44 of Div. 10. 

The other method given for computing the voltage drop of circuits, 
when the effect of inductance cannot be neglected, makes use of a diagram 
called the Mershon diagram (Fig. 35). 

Under ordinary conditions of use both of these methods will give results 
of about the same degree of accuracy. If the Mershon diagram is used 
carefully, it will give the more accurate results of the two. But, since 
in the calculation of most circuits several factors are based on assumption, 
the greater accuracy of the Mershon diagram is of questionable value. 
The drop-factor method is certainly accurate enough for the calculation of 
all interior-wiring circuits, and the writer believes that it is the more easily 
applied method of the two. For circuits employing some type of con¬ 
ductor material or construction other than stranded copper, the Mershon 
diagram will have to be used, since no data are given for drop factors for 
conductors of other types. 

80. Drop-factor Method of Calculating Voltage Drop When Effect of 
Inductance Cannot Be Neglected.- Proceed as follows: 

1. Determine from either Secs. 66 or 66 the voltage drop of a two-wire, 
d-c system carrying the same current, and using the same size wire. 

2. Determine the ratio of reactance to resistance for the size of wire, 
spacing of wires, and frequency of the circuit considered (see Table 42 or 
43 of Div. 10). 

3. Determine power factor of circuit (see Sec. 71 and Table 41 of Div. 

10 ). 

4. Determine the drop factor for the circuit corresponding to the deter¬ 
mined ratio of reactance to resistance and power factor of the circuit from 
Table 44 of Div. 10. 

5. The voltage drop of the circuit then is determined as follows, depend¬ 
ing upon the electric system. 

For two-wire, single-phase systems: 

\ oltage diop — drop factoi X d-o \oltage diop (21) 

For three-wire, single-phase systems: 

Voltage diop between outside wins = drop factoi X d-c \oltage drop (22) 

Voltage diop between outside wlie and neutral (lamps) 

= 1 > (diop factoi X d-c \ oltage drop) (22a) 

For four-wire, two-phase systems, each phase is considered as a separate two-wiie, 
single-phase system. 

Voltage drop = dtop factor X d-c voltage drop (23) 

For three-wire system tapped from four-wire three phase system: 

Voltage drop = 0.75 (drop factor X d-c voltage diop) 


(23a) 
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For three-wire, two-phase systems two d-c drops must first ho deter¬ 
mined: one for a two-wire, d-c circuit carrying the same current and with 
the same size wire as the outside conductors of the two-phase system, and 
the other for a two-wire, d-c circuit carrying the same current and with 
the same size wire as the common wire of the two-phase system. Then 


Voltage drop of 
two-phase, three- 
wire system 


/ ipv \ /D-c voltage drop for 
\factoi) X ( current and size of 
Voutside wire 


: ) 




(?7) x 

\f actor/ 


0.8 X 


( D-c vol 
and siz 
wire 


oil ago drop for current 
ol w i»o of common 


(24) 


For five-wire, two-phase systems : 

. . , . , (lion factoi X d-c voltage dioj* 

\ oltage diop loi lamps — t 


(25) 


Voltage diop foi motois — diop lacioi 

For three-wire, three-phase systems: 

Voltag** diop — 0.8ttti X di op iuitoi 

For four-wire, three-phase systems: 

. . . diop im toi 

Voltage diop for lamps — 


> d-c \oltagi diop 
< d-e voltagi diop 
X d-c \ollng< diop 


(2tt) 

(27) 


(28) 


Voltage drop foi motois — 0.Stitt X diop factoi X <l-c \oltage drop (29) 


Example .—-Detcimine the voltage diop of a two-wue, single-phase, ttO-cvele motoi 
circuit carrying a current of 250 ainp. fot a distance of 150 ft A 300,000-cu. mil, Type 
KH wire is used, installed in conduit. r l he powei factoi of the encuit is 80 pei cent. 

Solution .—From Table 39 of Div. 10, -mice the size of wire is 300,000 cir. mils, the 
effect of inductance cannot be neglected. The carrying capacity from Table 20 of 
Div. 10 is 285 amp. 

The diop of a two-wire, d-c circuit cairymg 250 amp. over a 300,000-cir. mil whe 
24 X I X L 24 X 250 X 150 


for 150 ft. 


cii. mils 


300,000 


3.0 volts. 


Fiom Table 42 of Div. 10 the ratio of reactance to resistance foi a 300,000-cir. mil 
wire installed in conduit on a 60-cycle system is 1.01. 

From Table 44 of Div. 10 the drop factor foi a ratio of i e act a nee to resistance of 
1.01, and a powei factor of 80 pei cent is 1.40. 

Voltage drop of the actual ciicuit = drop factor X d-c diop = 1.40 X 3 0 = 4.2 volts. 
Example .—Deteimine the voltage diop of the above cncuit, if it wm a three-wiie, 
single-phase one 

Solution .—The voltage drop between outside wires would be equal to the drop factor 
times the drop of a two-wire, d-c system carrying the same curicnt * 1.40 X 3.0 = 4.2 
volts. 

Voltage drop across lamps if connected to the circuit would be the drop between an 
1 40 X 3 0 

Outside wire and the neutral = —-^—— =2.1 volts. 


Example .—Determine the -voltage drop of the above ciicuit if it were three-wire 
tapped from a four-wire three phase system. 

Solution .—Voltage diop across lamps = 0.75 X 1.4 X 3.0 = 3.15 volts. 
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Example .—Determine the voltage drop of the preceding circuit, if it were a four-wire, 
two-phase system. 

Solution .—Voltage drop = drop factor X d-c drop 
- 1.40 X 3.0 * 4.2 volts 

Example .—Determine the voltage drop of the preceding circuit, if it weie a three-wire, 
two-phase one. The 250 amp. is the current in the outHide wires. 

Solution .—The current in the common wire = 1.41 X 250 * 352 amp. l T se a 
500,000-cir. mil wire for the common. 


The voltage drop for a two-wire, d-c system carrying 250 amp. ovei a 300,000-cir. mil 
24 X 1 X L = 24_X 250 X 150 
300,000 300,000 

The voltage drop for a two-wire, d-c circuit carrying 352 amp. for 150 ft. over a 
24 X / X L 


wire for 150 ft. 


— 3.0 volts. 


500,000-cir. mil wire = 


500,000 


24 X 250 X 150 _ . . |4 

-500,000- “ = 2 M 


From preceding problems the drop factoi for the outside conductors =■ 1.40. 

From Table 42 of Div. 10 the ratio of reactance to resistance for a 500,000-cir. mil 
wire installed in conduit on a 00-cycle system is 1.75. 

From Table 11 of Div. 10 the drop factor foi a ratio of reactance to resistance of 
1.75 and a power factor of 80 pei cent is 1.88 


Voltage drop of actual circuit — 


/ Drop 
v f act or 


/D-c 
I droj 
I and 
\of o 


voltage\ 
drop for current \ 
d size of wire J 
outside wires / 


^I)iop 


factor ) 


f 0.8 X 


/D-c v 
/ for c 
l size 
\comn 


voltage drop\ 


1.40 X 3.0 


current and 
of w ii e 
common wire 
2 

0.8 X 1.75 X 2.54 


°7 


2.1 + 1.78 
3.88 volts 


Example .—Determine the voltage drop of the preceding ciicuit, if it were a five-wire, 
two-phase system. 

Solution. —Voltage drop for motors = drop factor X d-c voltage drop 

* 1.40 X 3.0 * 4.2 volts 

If there were any lamps connected to the circuit, the voltage drop across each lamp 
_ drop factor X d-c voltage drop 


1.4£XJhO 
2 


2.1 volts 


Example .—Determine the voltage drop of the preceding circuit, if it were a three-wdre, 
three-phase system. 

Solution .—Voltage drop * 0.866 X drop faetor X d-c voltage drop 
= 0.866 X 1.40 X 3.0 = 3.64 volts 

Example .—Determine the voltage drop of the preceding circuit, if it were a four-wire, 
three-phase system. 

Solution. — Voltage drop for motors =* 0.866 X drop factor X d-c voltage drop 

* 0.866 X 1.40 X 3.0 * 3.64 volts 

If there were any lamps connected to the circuit the voltage drop across each lamp 
— drop factor X d-c voltage drop 
2 


1.40 X 3.0 
2 


2.1 volts 


81. Calculation of Voltage Drop of Two-wire, Single-phase Circuits 
by Mershon Diagram When Effect of Inductance Cannot Be Neglected.— 

Proceed as follows: 

1. Determine the a-c resistance of the total length of wire. This will 
be equal to the resistance per foot of wire of the size and material employed 
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multiplied by 2 times the length of circuit one way in feet. Care should 
be exercised in taking values of resistance from the tables to observe in 
what units the resistance is given. Some values are given in ohms per 
1,000 ft. and others in ohms per mile. For copper conductors use Table 
46 of Div. 10. The a-c resistance will be equal to the d-c resistance at 
the working temperature of the wire times the skin effect correction factor. 
For all-steel conductors use Table 51 of Div. 10; for copper-steel, Table 52 
of Div. 10; and for aluminum cable, steel-reinforced, Table 54 of Div. 10. 
These three tables give the values of a-c resistance directly. In using 
Table 54, it is first necessary to determine the amperes per square inch 
for the cable employed. The area in square inches will be equal to the 
area in circular mils times 0.7854 divided by 1,000,000. 

2. Determine the resistance volts drop. This will be equal to the 
resistance of the total length of wire as determined in step 1 multiplied by 
the current. 

3. Determine the inductive reactance of the total length of wire. This 
will be equal to the reactance per foot of wire for the size, material, and 
spacing of wires multiplied by 2 times the length of circuit one way in feet. 
Care should be exercised in taking values of reactance from the tables to 
observe in what units the reactance is given; some values are given in 
ohms per 1,000 ft. and others in ohms per mile. For copper conductors 
use Secs. 66 to 60. If a cable has a metallic armor of magnetic material or 
other magnetic binder, the correction factors of Table 46 of Div. 10 should 
be applied to the reactance values taken from Secs. 66 to 60. For all- 
steel conductors use Table 61 of Div. 10; for copper-steel, Table 62 of Div. 
10; for copperweld, Table 63 of Div. 10; and for aluminum cable, steel- 
reinforced, Tables 64 or 65 of Div. 10. In using Tables 64 or 65 the 
amperes per square inch must be determined in order to select the proper 
column. 

4. Determine the reactance volts drop. This will be equal to the 
reactance of the total length of wire as determined in step 3 multiplied by 
the current. 

5. Find what percentage the resistance volts drop is of the voltage 
delivered at the end of the line. 

6. Find what percentage the reactance volts drop is of the voltage 
delivered at the end of the line. 

7. Determine the power factor of the circuit (see Sec. 71 and Table 41 
of Div. 10). 

8. On the Mershon diagram (Fig. 35) start at the point where the verti¬ 
cal line corresponding to the power factor of the circuit intersects the 
smallest circle. 

9. From this point lay off horizontally to the right the percentage of 
resistance volts drop. From the point thus obtained lay off vertically 
upward the percentage of reactance volts drop. 
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10. The circle upon which the last point obtained falls will give the 
voltage drop in percentage of the voltage at the end of the line. 

Example .—Determine the voltage drop of a 60-cycle, 110-volt circuit carrying 200 
amp- a distance of 222 ft. The power factor of the circuit is 85 per cent. The wires 
are No. 4/0, Type R, spaced 6 in. apart. 

Solution .—From Sec. G3 the temperatuie of the conductors would be taken as 50°C., 
since Type R wire is used and it will be loaded to more than 50 per cent of its allowable 



Fig. 35.—Illustrating the application of the Mershon diagram for com¬ 
puting a single-phase circuit. The side of each small square equals 1 per 
cent; percentage resistance is measured horizontally and percentage reactance 
vertically. 

carrying capacity. From Table 46 of Div. 10, the skin-effect correction factor is 1.00, 
so that the resistance per 1,000 ft. will be the same as for direct current at 50°C. From 
the table this is 0.0552. 

Resistance volts drop = X 2 X 222 X 200 = 4.91 volts 

4 91 

Percentage resistance volts drop =■ y— X 100 = 4.46 per cent 

From the curves of Sec. 57 of Div. 10 a circuit of No. 4/0 wire, 1,000 ft. long on a 
60-cycle system with the wires spaced 6 in. apart, has a reactance of 0.0775. 

Reactance volts drop = X 2 X 222 X 200 = 6.89 volts 

6 89 

Percentage reactance volts drop = X 100 *> 6.27 per cent 
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Applying the Mershon diagram to this problem as shown in Fig. 35 the total drop in 
w percentage of the 110 volts at the end of the line is 7.5 per eent. 

Total volts drop =* *^io|j ~~ = v °hs 

82. Calculation of Voltage Drop by Mershon Diagram for Any Circuit 
When Effect of Inductance Cannot Be Neglected.—First, determine, as 
outlined in Sec. 81, the volt age drop tor a two-wire, single-phase circuit of 
the same size wire carrying the same current as the actual circuit. Then, 
proceed as follows for the particular system involved: 

Three-wire, single-phase: 

Voltage drop between outside wires = drop as read from diagram (30) 
Voltage drop between outside wire and neutral (lamps) = 

drop as read from diagram /01N 

j 


Three-wire, tapped from three phase four-wire: 

Voltage drop between outside wire and neutral (lamps) — 

0 75 (drop as read from diagram) (3 la) 
Four-wire, two-phase systems: Each phase is considered as a separate 
two-wire, single-phase sv-tem 

Three-wire, two-phase systems: Determine two drops from the dia¬ 
gram, one for a circuit with size of wire and current of outside wires of 
two-phase system, and the other for a circuit with size of wire and current 
of common w ire. 

Then 

( Diop foi cncuit with\ /Diop foi immlV 

size of wire and current \ / with si/e of wue \ 

of outside wires I -f- 0.8 X ( and cuilent of ) (32) 

2 / \ common wue / 

Five-wire, two-phase systems: 

Voltage drop for lamps = (33 ) 

Voltage drop for motors = drop as read from diagram (34) 

Three-wire, three-phase systems: 

Voltage drop — 0.866 X drop as read from diagram (35) 

Four-wire, three-phase systems: 

Voltage drop for lamps = *«pfromdiagram (3(j) 

<6 

Voltage drop for motor = 0.866 X drop as read from diagram (37) 

Example. —Determine the voltage drop for the circuit of the example in Sec. 81 for 
the different systems. 

Solution .—Referring to the problem in See. 81, the voltage drop of the ciicuit for a 
two-wire, single-phase system is 8.25 volts. 
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For a three-wire, single-phase system: 

Voltage drop for motors » drop as read from diagram 
= 8.25 volts 

, drop as read from diagram 8.25 . , _ 

Voltage drop for lamps « - 2 - 2 - * ~~yT “ 4,13 

For a four-wire, two-phase system: 

Voltage drop « drop as read from diagram — 8.25 volts 

For a three-wire, two-phase system: 

Use must be made of the Mershon diagram to determine another voltage drop. The 
drop obtained in See. 81 is for a two-wire, single-phase circuit carrying the same current 
as the outside wires of the three-wire, two-phase circuit, and with the same size wire 
as the outside wires. Anothei voltage drop for a two-wire, single-phase circuit carrying 
the same current as the common wire of the three-wire, two-phase circuit, and with the 
hize of wire of the common, must be determined. 


Current in common wire *» 1.41 X 200 «■ 282 amp. 

Assume that a 400,000-cir. mil wire is used for common wire (as large a size would 
not be required by carrying capacity). 

From Table 46 of Div. 10 a circuit of 400,000-cir. mil wiie, 1,000 ft. long on a 60-cycle 
system, will have a resistance of 0.0292 ohms per 1,000 ft. if operated at 50 o C. 

Resistance volts drop «* X 2 X 222 X 282 

= 3.66 volts 

Percentage resistance volts drop = X 100 = 3.32 per cent 

From the curves of Sec. B7 of Div. 10 a circuit of 400,000-cir. mil wire, 1,000 ft. long 
on a 60-cycle system, with the wires spaced 6 in. apart, will have a reactance of 0.071 
ohms per 1,000 ft. 

Reactance volts drop = 7 —^ X 2 X 222 X 282 

ljUUU 

— 8.88 volts 
8 88 

Percentage reactance volts drop — X 100 = 8 07 per cent 


if the Mershon diagram is applied, a two-wire, single-phase circuit of 85 per cent p.f* 
< urying 282 amp. over 400,000-cir. mil wires spaced 6 m apart will give a 7.3 per cent 
7.3 X 110 

\ohs drop, 01 - — — 8.03 volts 

\olfcage drop for three-wire, two-phase circuit = j ( 0.8 X ) 

- 4.13 + 3.21 

- 7.34 

For a five-wire, two-phase system: 

.. ,, , . , drop from diagram 8.25 . 

voltage drop for lamps -- - - 5 = 4.13 

Voltage drop for motors *= drop as read from diagram 
*■ 8.25 volts 

For a three-wire, three-phase system: 

Voltage drop « 0.866 X drop as read from diagram 
- 0.866 X 8.25 - 7.15 volts 
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For a four-wire, three-phase system * 

.... , * i drop from diagram 8.25 

Voltage drop for lamps = — ---—-= 

= 4 13 volts 

Voltage drop for motors — 0 8(>6 X drop as lead from diagram 
- 0 800 X 8.25 = 7.15 volts 

83. How to Proceed in Determining the Proper Size of Wire for a 
Circuit. 

1. Determine the ampere load on the circuit. 

For branch lighting circuits refer to Secs 42 to 44. 

For two-wire, d-c or single-phase a-c lighting mains or feeders refer to 
Secs. 45, 46, and 51. 

For three-wire, d-c or single-phase, a-c lighting mains or feeders refer to 
Secs. 46, 47, and 62. 

For four-wire, two-phase lighting mains or feeders refer to Secs. 46 and 

53. 

For three-wire, two-phase lighting mains or feeders refer to Secs. 46, 

48, and 64. 

For five-wire, two-phase lighting mains or feeders refer to Secs. 45 and 

66 . 

For four-wire, three-phase lighting mains or feeders refei to Secs. 46, 

49, and 66. 

For circuits supplying electric ranges refer to Secs. 67 and 68. 

For branch motor circuit refer to Sec. 60. 

For motor feeders or mains refer to Sec 61. 

2. For branch lighting or appliance circuits refer to Div. 8 and deter¬ 
mine if outlets and equipment supplied by circuit meet the National 
Electrical Code requirements. 

3. For lighting feeders or mains determine the minimum allowable 
load (refer to Sec. 69). 

4. Select from Secs. 16 to 20 of Div. 10 the size of wire that will carry 
safely the current with the type of insulation employed on the wires (see 
also Sec. 37 and 37A). 

For ordinary branch lighting circuits, although No. 14 wire will safely 
carry the current, it is best not to use smaller than No. 12 wire. If the 
length of the branch lighting circuit to the load center is over 50 ft., wire 
at least as large as No. 10 should be used. 

For lighting feeders or mains use the estimated future load current un¬ 
less it is less than the minimum allowable load, when the minimum allow¬ 
able load should be used. 

For continuous-duty branch motor circuits use 125 per cent of the full- 
load rated current of the motor. 

For branch motor circuits supplying short-time-duty motors, use 
the proper percentage of the rated current as given in Table 10 of Div. 10. 

For motor feeders or mains use the maximum-demand running current 
with allowance for growth. 
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For three-wire, d-c or single-phase systems the neutral wire should have 
a carrying capacity equal to that of the current in the outside wires, if the 
current in the outside wires is 200 amp. or less. If the current in the 
outside wires is greater than 200 amp., the common wire should have a 
carrying capacity equal to 200 plus 0.7 of the current in the outside wires 
in excess of 200 amp. 

For three-wire, two-phase systems the common wire should have 
a carrying capacity equal to 1.41 times the current in the outside wires. 

For five-wire, two-phase systems the neutral should have a carrying 
capacity equal to 1.41 times the current in the outside wires, if the current 
in the outside wires is 200 amp. or less. If the current in the outside wires 
is greater than 200 amp., the neutral should have a carrying capacity 
equal to 1.41 times 200 plus the current in the outside wires in excess of 
200 amp. 

For four-wire, three-phase systems the neutral wire should have a carry¬ 
ing capacity equal to the current in the outside wires, if the current in the 
outside wires is 200 amp. or less. If the current in the outside wires is 
greater than 200 amp., the neutral should have a carrying capacity 
equal to 200 plus 0.7 of the current in the outside wires in excess of 200 
amp. 

5. Dotermine if the size of wire required according to carrying capacity 
is sufficient for mechanical strength (refer to Sec. 38). 

Be sure that the size of wire required according to carrying capacity is 
not too large for satisfactory installation (refer to Sec. 39). 

6. Find the distance to the load center of the circuit (refer to Sec. 64). 

7. Decide what voltage drop is allowable in the circuit (refer to Sec. 
41 and Table 37 of Div. 10). 

8. Determine what will be the voltage drop in the circuit using the size 
of wire required according to carrying capacity. 

If the circuit is an a-c one, before calculating the voltage drop, deter¬ 
mine from Sec. 69 and Sec. 39 of Div. 10 whether or not the effects of 
inductance and skin effect can be neglected. 

For branch lighting circuits use the future-load current, unless the 
maximum allowable load for the type of branch circuit as given in Div. 8 
is less than this value. In that case, use the maximum allowable 
load. 

For lighting feeders or mains use the future-load current, unless it is 
smaller than the minimum allowable load, when the minimum allowable 
load should be used. 

For branch motor circuits use the full-load current of the motor. 

For motor feeders or mains use the maximum-demand running current 
With proper allowance for growth. 

For the length of the circuit use the distance from the source of supply 
to the load center, measured along the circuit. 

For method of calculating voltage drop refer to the following sections. 
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Direct-current, two-wire. 

Direct-current, three-wire. 

Alternating-current when inductance can he neglected: 

Single-phase, two-wire. 

Single-phase, three-wire. 

Two-phase, four-wire. 

Two-phase, three-wire. 

Two-phase, five-wire. 

Three-phase, three-wire. . . . 

Three-phase, four-wire.... . 

Alternating-current when the effect of inductance cannot 
be neglected. 


Secs. 65 
Sec. 67 

Sec. 72 
Sec. 73 
Sec. 74 
Sec. 75 
Sec. 76 
Sec. 77 
Sec. 78 

Sec. 80 
or 

Secs. 81 


or 66 


and 62 


9. If the voltage drop determined in step 8 is greater than the allowable 
amount, take the next larger conductor and determine the voltage drop it 
will give. Proceed in this way, until the conductors are large enough to 
keep the voltage drop within the required amount. For a-c circuits, this 
would, sometimes require too great an increase in the size of the conduc¬ 
tors. In such cases it is best to replan the system so as to divide the load 
among a greater number of circuits. For systems employing a common or 
neutral wire, when the size of wire must be increased in order to keep the 
voltage drop within the allowable amount, it is best to increase the Rize 
of the neutral in the same proportion as the outside wires are increased. 


Example. —Determine the proper size of wire to use for a two-wire, single-phase, 
60-cycle, 115-volt branch lighting circuit supplying six 150-watt letups. The length 
of the circuit to the load center is 50 ft. The wires are to be installed in conduit and 
have rubber insulation. 

Solution. 

Actual connected load = l ^ =■ 7.8 amp. 

115 

Future load (Sec. 43) — - 4 — " = 10.5 amp. 

115 

The future load of 10.5 amp. will be used in selecting the size of wire according to both 
carrying capacity and voltage drop. 

From Sec. 83 (item 4) at least a No. 14 wire is required by the code but it is best to 
use not Hinaller than No. 12 wire. 

From Table 37 of Div. 10 a voltage drop of 2.3 volts would be allowable. 

Determine the voltage drop (Sees. 65 or 66) for a No. 12 wire carrying 10.5 amp. 50 ft. 

Voltage drop with No. 12 wire = =* 1.02 volts 

Since this drop is less than the allowable amount, two No. 12 wires should be used. 

Example .—A two-wire, single-phase, 60-cycle, 115-volt, branch lighting circuit, 
supplies nine 150-watt lamps. The length of the circuit to the load center is 100 ft. 
The wires are to be installed in conduit and to be rubber insulated. Determine the 
proper size of wire to use. 

Solution .—Actual connected load = - ^ * 11.7 amp. 

11 o 

0 X 200 


Future load 


11K 


15.6 amp 
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From Div. 8 the maximum allowable load on such a branch circuit is 15 amp. Since 
the future load is greater than this, the maximum allowable load of 15 amp. will be 
used in selecting the size of wire according to both carrying capacity and voltage drop. 

From Sec. 83 (item 4) at least a No. 14 wire is required but it will be best, however, 
to use not smaller than No. 10 wire when the circuit is over 100 ft. long. 

From Table 37 of Div. 10 a voltage drop of 2.3 volts would be allowable. 

From Table 39 of Div. 10 the effect of inductance can be neglected for a lighting 
circuit using No. 10 wiie on a 00-cycle system. 

Voltage diop with No. 10 wire — — = 3.47 volts 

Since this voltage drop is gieater than the allowable amount, take the next larger 
size of wire, a No. 8, and check for voltage drop. 

at xt o • 24 X 15 X 100 _ 1A 

Voltage drop with No. 8 wire = -10 5 10- ” 2.18 V °R ,S 

Since this voltage drop is less than the allowable amount, two No. 8 wires should 
be used. 

Example. —Determine the proper size of wire for the three-wire, 115/230-volt, d-o 
main of the first example under Sec. 52. The length of the circuit is 150 ft. The wires 
are to be rubber covered. Type RP, and installed in conduit. The installation has only 
a main and branch circuits, no feeder. 

Solution .—From Sec. 52. 

Present load on more heavily loaded outside w F iie = 80.3 amp. 

Future load on more heavily loaded outside wire => 97.0 amp. 

l ioin Sec. 59 and Table 4 of Div. 10 minimum allowable load = 2.0 X 10,000 X 1.0 

= 20,000 watts 

Minimum allowable cm rent in outside conductor = *= 87 amp. 

2 X ll.» 

Since the future load is greater than the minimum allowable load, the future load on 
the more heavily loaded side of 97 amp. will be used in determining the size of wire 
according to both carrying capacity and voltage drop. 

From Table 20 of Div. 10 a No. 1 wire is required for the outside conductors in order 
to cairy 97 amp. 

Since the current in the outside conductors is loss than 200, the current in the neutral 
who will be taken the same as that of the outside wires, and the size of the neutral 
lequired according to carrying capacity will be No. 1, the Name as the outside conductors. 

From Table 37 of Div. 10 a voltage drop of 2.3 volts is allowable on the lamps. 

From Table 39 of Div. 10 the effect of inductance can be neglected for a lighting 
eiuMiit using No. 1 wire on a 00-cycle system. 

lA . /u ... 1 24 X 97 X 150 

\oltage drop acrosb lamps (Sec. 67) = ^ X — ^ ?!90- 

=* 2.07 volts 

Since this voltage drop is less than the allowable amount, all three of the wires 
should be No. 1. 

Example. —Determine the proper size of wire to use for a branch motor circuit supply¬ 
ing a 10-hp., 440-volt, three-phase, squirrel-cage induction motor on continuous duty. 
The motor is of the normal-starting-current, noimal-torque type started with reduced 
voltage. It is a 60-cycl^ system. The length of the circuit is 50 ft. The wires are to 
be rubber-covered, Type R, installed in conduit. 

Solution .—From Table 9 of Div. 10 the full-load current = 14 amp. 

125 per cent of the full-load current -* 14 X 1.25 — 17.5 amp. 

From Table 20 of Div. 10 a No. 12 wire is required to carry 17.5 amp. 

From Table 37 of Div. 10, 4.4 volts drop is allowable. 
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From Table 39 of Div. 10 the effect of inductance can be neglected for a 60-cycle 
motor circuit using No. 12 wire. 

The voltage drop on a two-wire, d-e circuit carrying 14 amp. (full-load current) over 

a No. 12 wire for 50 ft. — — ^ = 2.58 volts 

0,530 

Voltage drop of actual circuit = 0.8H6 X 2.58 = 2.24 volts 


Since this drop is less than the allowable amount, three No. 12 wires should be used 

Example .—Determine the proper size of wiic to use foi a blanch motor circuit supply¬ 
ing a series-wound, d-e motor on a 30-min. rating varying duty. The motor is a 15-hp., 
230-volt machine. The length of the circuit is 100 ft. The wires are vainished-cambric 
insulated and installed in conduit. 

Solution .—From Table 6 of Div. 10 the full-load current is 56 amp. 

Since it is a short-time-duty service, referring to Table 10 of Div. 10, use 150 per cent 
of the full-load current in determining size of wire according to carrying capacity. 

From Table 20 of Div. 10 a No. 4 wire is requited to carry (1.50 X 56) = 84 amp., 
when using varnished-cambric wire. 

From Sec. 37 of Div. 10, 4.4 volts drop is allowable. 

In determining voltage drop use full-load current. 


l4 , 24 X 56 X 100 _ 00 w 

Voltage drop = -r . - 33 3.22 volts 

41,740 

Since this drop is less than the allowable amount, two No. 4 wires would be used. 

Example. —Determine the proper size of wire to use for a three-wire, three-phase, 
440-volt, 60-cycle feeder supplying five 10-hp. motors, six 15-hp. motors, and two 
50-hp. motors. All the motors are of the normal-torque, norrnal-starting-current, 
squirrel-cagc type, started with reduced voltage. It is a 60-cycle circuit, 200 ft. long. 
The wires are installed open with a regulai flat spacing of 6 in. Slow-burning insulation 
is employed on the wires. Permission to use a demand factor of 0.6 has been obtained 
from the officials enforcing the Code. 

Solution. —From Table 9 of Div. 10 the full-load current of a 10-hp. motor of this 
type is 14 amp.; of a 15-hp. motor, 19 amp.; and of a 50-hp. motor, 63 amp. 

Using the formula of Sec. 61, 

Starting current of 50-hp. motor (Sec. 14 of Div. 10) = 2.0 X 63 = 126 amp. 

Maximum-demand starting current of feeder 

- [(5 X 14) + (6 X 19) + (1 X 63)] X .6 + 126 = (247 X .6) + 126 

«= 274 amp. 

Maximum-demand running current of feeder 

= [(5 X 14) +(6 X 19) + (1 X 63)1.6 + (63 X 1.25) = (247 X .6) + 79 

■» 227 amp. 

From Table 19 of Div. 10 a No. 3/0 wire is required to carry 227 amp. (maximum- 
demand running current), if slow-burning insulation is employed. 

From Sec. 37 of Div. 10, 17.6 volts drop is allowable. 

The effective spacing of the wires (Sec. 40, Div. 10) 

- 1.26 X6 = 7.56 


From Sec. 39 of Div. 10 the effect of inductance cannot be neglected. 

Determine the voltage drop according to method given in Sec. 80 using the maximum- 
demand running current. 

Voltage drop of a two-wire, d-c circuit carrying 227 amp. 200 ft. over No. 3/0 wire 


24 X 227 X 200 
167,800 


6.5 volts. 


Ratio of reactance to resistance for No. 3/0 wires spaced 8 in. apart on a 60-cycle 
circuit (Table 42 of Div. 10) «* 1.36. 
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5 X 10 X 0.85 - 42.5 

6 X 15 X 0.85 - 76.5 
2 X 50 X 0.91 * 91.0 

210.0 


P.f. 


210 

240 


87.5 


Drop factor of circuit from Table 44 of Div. 10 for a ratio of reactance to resistance of 
1.36 and a power factor of 0.875 = 1.55. 

Voltage drop of circuit = 0.866 X 1.55 X 6.5 = 8.72 volts. 

Since this drop is less than the allowable amount use three No. 3/0 wires. 


84. In determining circuit lengths from drawings or blueprints a 

long piece of tough paper divided (see Fig. 36) into the same measure as 


30 r ± - 


J_L 


Paper Strip- 


3 4 5 




n 23 24 Z5 26 27 28 

( .1 . I 11-1 I 


- '-'Divisions laid out to some scale 


Fig. 36.—Paper scale for measuring circuit lengths. 


the di awing can be effectively used in scaling distances. Always allow 
for rises or drops for wall outlets. The rotometer (Fig. 37), is a conven¬ 
ient tool for scaling distances. The little 
wheel is run over the course of the circuit. 

The pointer indicates feet direct for 
drawings of certain scales. For other 
scales the dial reading must be multiplied 
by a constant to obtain actual lengths. 

A rotometer costs about $2 or $3. 

86. Indicating Loads on Diagrams.— 

In computing the ampere loads on cir¬ 
cuits, if drawings are available, it is good 
practice to note the amperes of the loads 
on the drawings alongside the circuits. 

It is good practice to indicate both the 
present and the estimated future loads, 
one colored pencil being used for the pres¬ 
ent load and another color for the future 
loads. 

86. Use of Tables in Circuit Calcula¬ 
tions.—If tables that will give the values 
of loads, voltage drops, etc., are laid out 
when circuit calculations are made, much time may be saved in checking 
over the size of circuits or in making changes in the system. A typical 
table is given in the following article. 
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87. Branch Lighting Circuits 






Size 





Panel 

Branch 

circuit 

Pres¬ 
ent ' 
load, 

Fu¬ 

ture 

load, 

wire 

accord¬ 
ing to 

earn¬ 
ing ca- 

Length, 

ft 

Volts 

diop 

Size 

wiie 

to 

Remarks 



amp. 

amp. 



Use 

1 


pHCit\ 

A 

1 

10 0 

13 1 

No. 14 

50 

3 50 

No. 10 

No 10 used to keep 









diop to 1 39 


2 

7 8 

9 2 

No. 14 

23 

1 23 

No. 14 



3 

9 1 

11 (> 

No. 14 

30 

1.80 

No. 12 

To keep voltage 









drop down 


4 

8 0 

10 0 

No 14 

20 

1 07 

No 14 


B 

etc. 


43 9 




1 



88. The question of energy loss in a circuit should not be slighted in 
circuit calculations.—It is well known that, in overcoming resistance, 
electrical energy is wasted, and as it costs money to develop or buy 
electrical energy, it is evident that m any commercial system such waste 
must be kept to a minimum. This mav be done by decreasing the resist¬ 
ance of the conductors or, what amounts to the same thing, increasing 
the size of the conductors. Inasmuch as this is also an expensive matter, 
care must be exercised that the additional sum added to the expenditure 
in copper (and conduit if used) is not so excessive as to more than counter¬ 
balance the cost of the energy continually saved. 

89. Conductor economy in interior wiring installations should always 
be considered as a matter subordinate to the National Electrical Code 
and permissible-voltage-drop requirements. Obviously, any conductor 
selected for a specific installation must fulfill the requirements of mechani¬ 
cal strength, ample carrying capacity, and permissible voltage drop. 
Frequently one of these three considerations will definitely determine 
the size of the conductor; however, a calculation may show that the resist¬ 
ance or I 2 R (power) loss is excessive. Then it may be desirable to use a 
larger size of conductor than would otherwise be necessary. 

90. Annual charges may be considered, in connection with the eco¬ 
nomical selection of a conductor size, as being made up of two items: ( a ) 
resistance-loss charges and ( b) investment charges. Resistance-loss 
charges depend upon the resistance*, the current, and the unit cost of 
energy and may be decreased by an increase of conductor size. This, 
however, calls for a greater investment w r ith correspondingly larger 
investment charges. A conductor should, for maximum economy, be 
selected of such a size that the total annual charge will be a minimum. In 
Fig. 38 the effect of a variation of conductor size on resistance-loss charge, 
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investment charge, and total annual charge is shown graphically for wires 
not installed in raceways. The interest charges on the conductor increase 
directly with its cross-sectional area (curve A , Fig. 38). If the wires were 
installed in conduit, the cost of the conduit and fittings should be added to 
the conductor cost. The resistance-loss charges decrease inversely as the 
cross-sectional area of the conductor (curve B, Fig. 38). The total annual 
charge (curve C, Fig. 38), the sum of curves A and B , is at its minimum 
value directly over the point where curves A and B intersect. That is, 
the conductor size which will have the least total annual cost is that one 
for which the annual interest charge equals the annual resistance-loss 
charge. This proposition has been demonstrated mathematically by 
Lord Kelvin. 



Fig. 38. —Graph illustrating Kelvin’s law. 

91. Kelvin’s law was deduced in 1881 by Sir William Thomson (Lord 
Kelvin). The original law was modified into the following more exact 
form by Gisbert Kapp. “The most economical area of conductor is that 
for which the annual cost of energy wasted is equal to the interest on that 
portion of the capital outlay which can be considered proportional to the 
weight of copper used.” On the basis of the above law it can be shown 
that 

Cir. mils = 55,8(57 XIX (38) 

Foi derivation see “The Electrical Engineers Pocketbook” (International Textbook 
Company), page 311. See also “Transmission of Electrical Energy,” by A. V. Abbot; 
“Electric Power Transmission,” by Dr. Louis Bell; and “Overhead Electric Power 
Transmission,” by Alfred E. Still. 

where cir. mils — area, in circular mils, of the most economical conductor; 
I = the mean annual current. C e = cost of energy per kilowatt-hour, in 
dollars; C c = cost of copper, in dollars, per pounds installed; and A = 
annual charge, in percentage, of the cost of the conductor. This can 
ordinarily be assumed to be about 10 per cent. Note that the length of 
the circuit is not a factor in the equation. The above equation is best 
adapted to the solution of cases where the conductors are not insulated. 
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The method of the following paragraph should always be used to cheek 
it. 

92. Method of Determining Economical Conductor Size.—The method 
involves the preparation of a table, as shown below, showing energy cost 
and interest cost of an arbitrarily chosen length of conductor for a number 
of sizes of conductor. The cost per unit length of conductors (preferably 
1,000 ft. or 305 m.) may be obtained from the manufacturers' wire lists. 
For conduit installations the corresponding cost of conduit and fittings 
should be added to the cost of conductors. Power loss may be calculated 
from the equations of Secs. 93 and 94. By use of this table comparative 
costs are effectively shown, and a decision may be speedily reached. This 
method may be used as a check upon Kelvin's-law equation. In the 
table, the least total annual cost is SI2.33. Hence a 4/0 conductor is, for 
this case, the one of maximum economy. 


Size of rubber-covered conductor 

No. 3/0 
wire 

No. 4/0 
wire 

250,000 
cir. mil 
wire 

300,000 
cir. mil 
wire 

Cost of 400 ft. of conductor. 

$70.00 

$80.40 

$102.40 

$118.40 

Annual charges on above cost at 10 per cent. 

$ 7.00 

$ 8.64 

$ 10.24 

$ 11.84 

Cost of energy lost in conductor at 2 cts. per 
kw.-hr. 

% 5.94 

$ 3.69 

$ 2.04 

$ 2.27 

Total annual cost of conductor. 

$12.94 

$12.33 

$ 12*88 

$ 14.11 


93. Power Loss in Any Conductor. -Taking 12 ohms as the resistance 
of a circular mil-foot of commercial copper wire at 50°C., the power loss in 
any conductor may be found thus: 


12 X l 2 XL 
cir. mils 


(39) 


where P = power lost in the conductor in watts; / = the current in 
amperes in the conductor; L = length of the conductor in feet; and 
circular mils = area of the conductor in circular mils. 

94. Power Loss in a Circuit.—It follows from the above formula that 
for a two-wire, d-c or single-phase circuit 

p = 2 X 12 X I 2 X L = 24 X I 2 X L 

cir. mils cir. mils ' 


96. Factors for Determining the Mean Annual Current.—To ascertain 
the mean annual current for substitution in the Kelvin's-law equation, 
Fiq. (38), multiply the maximum current by the ratio applying to the 
conditions under consideration, which is given in the column headed 
“Factor” in the following table. The table is calculated on a basis 
24 hr. X 365 days — 8,670 hr. per year. 
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Example .—If a maximum current of 1,000 amp. (I) Aowh % of the time or 6,570 hr. 
per year and a current of 750 amp. (%1) flows K of the time or 2,190 hr. per year the 
factor 0.944 would be used. That is, 0.944 X 1,000 amp. = 944 amp. — mean annual 
current for substitution in Kelvin’s-law equation. 





DIVISION 4 

GENERAL ELECTRICAL EQUIPMENT AND BATTERIES 

Paqb 

Introduction.360 

Switches.360 

Installation of Switches.399 

Protective Devices.401 

Switchboards.428 

Panel Boards. 444 

General Wiring Materials and Devices .475 

Capacitors.509 

Batteries—Gen eral.514 

Primary Batteries.515 

Storage Batteries—General.522 

Lead-acid Storage Batteries ... 526 

Nickel-iron-alkaline Storage Batteries.541 

Installation of Storage Batteries . 553 

General Construction Materials.557 


359 


















INTRODUCTION 


1. Introduction.—In this division the miscellaneous equipment, 
materials, and devices which are employed for electrical installations 
are discussed. Certain items which are used for specific types of installa¬ 
tions have not been included in this division, but explanation of these 
devices or materials will be found in Div. 7 on Outdoor Distribution or in 
Div. 8 on Interior Wiring. Since there is so much material to cover for 
generators, motors, and transformers, a separate division (Div. 5) has been 
devoted to generators and motors and another (Div. 6) to transformers. 

The aim in the preparation of Div. 4 has been to present the different 
types of equipment, materials, and devices which are available, with 
sufficient explanation of their characteristics, installation, and main¬ 
tenance so that proper equipment may be intelligently selected, installed, 
and maintained in good condition for satisfactory service. Much useful 
information that is not ordinarily readily available at short notice has 
been included. 


SWITCHES 

2. A switch is a device for making, breaking, or changing connections 
in an electric circuit under the conditions of load for which it is rated. It 
is not designed for interruption of a circuit under short-circuit conditions. 
Refer to Sec. 62 for discussion of difference between circuit breakers and 
switches. 

3. Switches may be classified in several d.fferent ways as follows: 

1. According to number of poles. 

A. Single pole. 

B. Two or double pole. 

C. Three or triple pole—standard. 

D. Three or triple pole—solid neutral. 

E . Four pole—standard. 

F. Four pole—solid neutral. 

G. Five pole—standard. 

H. Five pole—solid neutral. 

II. According to number of closed positions. 

A. Single throw. 

B. Double throw. 

III. According to type of contact. 

A. Knife blade. 

B. Butt contact. 
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1. Single line. 

2. Multiple line. 

3. Surface. 

C. Mercury. 

IV. According to number of breaks. 

A. Single break. 

B. Double break. 

V. According to method of insulation. 

A. Air break. 

B. Oil immersed. 

VI. According to method of operation. 

A. Operating force. 

1. Manual. 

2. Magnetic. 

3. Motor or solenoid. 

B. Mechanism. 

1. Lever. 

2. Dial. 

3. Drum. 

4. Snap. 

а. Tumbler. 

б. Rotary. 

c. Push button. 

VII. According to speed of operation. 

A. Ordinary. 

B. Quick break. 

C. Quick make. 

VIII. According to enclosure. 

A. Open. 

B. Enclosed. 

1. General purpose. 

2. Driptight. 

3. Weather resisting. 

4. Watertight. 

5. Dusttight. 

6. Submersible. 

7. Hazardous locations. 

8. Bureau of Mines. 

IX. According to protection provided to circuits or apparatus. 

X. According to type of service. 

A. Power switches. 

1. General purpose. 

a. Open. 

b. Safety. 

2. Disconnecting. 
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3. Motor circuit. 

4. Motor starting. 

5. Field switches. 

(S. Service entrance. 

H. Wiring switches. 

1. According to method of installation. 

a. Flush mounting 

(1) Standard. 

(2) Interchangeable. 

(3) Combination. 

b. Surface. 

c. Pendant. 

d. Through cord. 

e. Door. 

/. Canopy. 

g . Appliance. 

h. Special exposures. 

2. According to function. 

a. General purpose. 

(1) Single pole. 

(2) Double pole. 

b. Three wav 

c. Four wa> . 

d. Three or four pole. 

e. Multiple circuit or electrolier. 

/. Momentary contact. 

g. Heater 

C. Control switches 
/). Instrument switches. 

E. Miscellaneous types 

4. A pole of a switch is that part of a switch which is used for the mak¬ 
ing or breaking of a connection and which is electrically insulated from 



I-Single pole E-Double pole 



IE-Triple pole 



E£-Four pole 


Fig. 1.—Illustrating meaning of poles. 



V- Five pole 


other contact-making or -breaking parts. A single-pole switch will make 
or break the connections in only one conductor or leg of a circuit; a two- 
pole switch in two legs, etc. Schematic diagrams illustrating the meaning 
of number of poles are shown in Fig. 1. 
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For some installations in systems having a grounded neutral wire, it 
may be desirable not to break the neutral connection as the circuit passes 
through a switch. For these cases, a regular switch with a number of 


TO 


i Switch 


Insulated ^ 
conducfor\ 
carried j / <r\~Twopo/e 
directly 1 M switch 
throuqh 
switchbox 

Fig. 2.—Two-pole 
switch used with three- 
conductor, grounded 
neutral circuit. 


m 



I. Schematic diagram of three- 
pole solid-neutral switch. 

Fig. 3.—Solid-neutral switch and connections. 


poles one less than the number of conductors of the circuit may be used. 
The neutral conductor is then carried directly through the switch box 
without any connection to the switch (Fig. 2). Frequently a neater 
installation and one that is easier and 
quicker to install can be made by the 
use of what is called a solid-neutral 
switch (Fig. 3). The number of switch 
blades or contacts for a solid-neutral 
switch is one less than the number of 
conductors of the circuit, but a neutral 
strap is located between two of the 
switch blades or contacts for carrying 
the neutral leg solidly through the 
switch without breaking the circuit of 
the neutral conductor. A switch 
designated as a three-pole, solid-neutral switch will accommodate a three- 
conductor circuit and provides two switched poles and one solid neutral 
strap. A solid-neutral switch is shown in Fig. 3, II. 

6. A single-throw switch (Fig. 4, I) is one which will make a closed 
circuit only when the switch is thrown in one position. A double-throw 
switch (Fig. 4, II) will make a closed circuit when thrown in either of two 


i i 

n 


I- Two pole 
single throw 
Fig. 4.—Illustrating single- and 
double-throw switches. 


I 1 

{%. 
i i 

II- Two pole 
double throw 
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positions. Special multiple-throw switches can be made to meet the 
requirements of special conditions which require that the switch make a 
closed circuit when thrown in more than two positions. Some examples 
of multiple-throw switches are the dial and drum switches employed for 
control and instrument work. 

6. Switch Contacts.—In the construction of switches, different methods 
are employed for making contact between the movable and stationary 
parts of the poles. Knife-blade switches consist of some form of movable 
copper blade which makes contact by being forced between forked con¬ 
tact jaws as illustrated in Fig. 5. 

The manner of constructing the contact members of butt-contact 
switches varies widely with different manufacturers. In all cases, how¬ 
ever, the contact is formed by pressing the movable member against the 
stationary contact. (The two contacts are butted together when closed ) 
The two members are so constructed that there will be a stiff spring action 


/Handle 


Spring YfasherurB re ak Jaw 

Ja ”""j&±n J Contact 
Epag^P Block 

Clamping^, Base - ^jjermlnal^\ 


NufsJ*^ 


'dud 


'Lug 


Crass Bar 



Hcmdie J 


Fig. 5. — Names of knife-blade switch paits. 


between them in order to ensuie a good contact when in the closed posi¬ 
tion. The contact formed between the two members may be of the 
single-line, multiple-line, or surface type. Single-line contact is 
obtained by making the surface of the contacting members in a curved 
form so that, when closed, the members are in contact only along a single 
line instead of over the entire surface. With multiple-line contacts the 
two members are not in contact over their entire surfaces, but contact is 
made along several lines. The multiple lines of contact are obtained by 
making the movable member of laminated (brush) or cylindrical con¬ 
struction. In butt-contact switches of the surface type, the contact 
members when in the closed position are butted together so that they 
•ire in contact over as much of the entire surface as possible. The disad¬ 
vantage of the surface type of contact is that it is very difficult to obtain 
a good contact over the entire surface. Typical butt-contact construc¬ 
tions are illustrated in Fig. 6. 

One of the essential functions of any switch is to maintain a good low- 
resistance contact when in the closed position. If the contact is poor, 
there will be considerable resistance at this point. The high contact 
resistance will result in overheating of the switch and possible opening 
of the circuit due to functioning of circuit-overload protective devices. 
Switches are generally constructed so that the contacts will be closed 
under pressure with a sliding or rolling action in order to maintain clean, 
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low-resistance contacts. The contact surfaces are frequently silver 
plated in order to prevent oxidation and reduce contact resistance. 

7. Mercury contact switches are used sometimes for low-capacity cir¬ 
cuits in control and branch circuit wiring. They consist of a glass tube 
containing mercury and two stationary contact members located in 
opposite ends of the tube. The tube is mounted in a supporting case so 
that the position of the axis of the tube may be changed by means of an 
operating handle. When the handle is in the “off ” position, the axis of 
the tube is tilted so that the mercury is at one end of the tube and makes 



I Indust i ini type II. Small-capacity, III. S w i t c h bo a id 

t hi op-polo double tlnow typo. 

Fk>. 7. —Oil switches 


contact with only one of the stationary contacts. When the handle is 
thrown to the closed position, it rotates the tube, causing the mercury to 
move in the tube in a manner that closes the circuit from the stationary 
contact at one end of the tube through the mercury to the stationary 
contact at the other end of the tube. Refer to Secs. 30 and 32 for further 
information on wiring switches for interior wiring work. 

7A. Both knife-blade and butt-contact switches are made in single- 
and double-break types. A single-break type of switch, in opening, 
breaks each pole of the circuit at only one point. A double-break type of 
switch, in opening, breaks each pole of the circuit at two points. Break¬ 
ing the circuit in two places doubles the quenching effect of the switch in 
suppressing the arc. This reduction in the arcing at the contacts pro¬ 
longs the life of the contacts by reducing the formation of destructive 
beads and pitted areas. 
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8. Insulation of Switches. —The great majority of switches are designed 
to interrupt the circuit in the surrounding air. The live parts must be 
spaced sufficiently fai apart so that the air space between them will have 
buftcient insulating ability for the voltage which exists between the 
adjacent parts. Oil switches (Fig. 7) have the contact parts immersed in 
oil so that the circuit is interrupted under oil 



I. Level and opei ating-arm mecha- II. Level mid toggle mechanism. 

iii-nii 



111 Single-pole toggle switch, .1,000 IV. Rotaiy motion opeiated by 
amp. at 750 volts d-c. lever outside box. 

Fig. 8.—Opeiating mechanisms for manual switches. 

9. Switches may be operated by hand (Fig. 8), by electromagnets (Fig. 
9), by motors (Fig. 9), or by means of solenoids (Fig. 9) Most power 
switches are operated by means of simple lever action (Fig. 5) or by 
means of a lever attached to the switch through a toggle mechanism. 
Dial switches consist of a movable contact, mounted on a rotatable arm, 
and several fixed contacts arranged in circular form. As the arm is 
rotated the movable contact makes connection with the successive fixed 
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contacts, one at a time This type of switch is used for instrument, 
control, storage-battery, end-cell, and transformer tap-changing switches 
Drum switches consist of a set of contact segments mounted on a central 



Elc ctromagnc t-opc i ate d sw itch 




III Motoi-operating mechanism 
foi oil < 11 cmt bic ikei 
I it* 9—Llettncdly op( r ited switches 



Pic 10—Drum-type instrument switch 

movable drum and a set of stationary contact fingers (Fig 10) Dr nn 
switches are employed for motor starting, control, and instrument 
switches 
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Magnetic switches consist of switch contacts operated by means of an 
electromagnet. They are used extensively as the switching element for 
motor controllers. They also find application in general wiring work, 
when it is desired to control a circuit at some point remote from the loca¬ 
tion of the switch. 

Snap switches are small-capacity switches in which the circuit is made 
or broken with a quick motion 
independent of the* speed of 
operation of the switch by the 
operator. In the rotary type 
of snap switch (Fig. 11), the 
switch blades are given a rotary 
motion by means of the handle 
or button through a spring-and- 
cam mechanism. The blades 
of a push-button switch (Fig. 

12) are operated by a rocking 
action imparted to them by means of the push button through a spring- 
aud-cam mechanism. The tumbler or toggle switch (Fig. 13) is operated 
in a manner similar to the push-button switch except that the blades are 
actuated by means of a lever instead of a button. 




Fig. 11.- 


-Rotaiy snap switch —sui face¬ 
mounting type. 




Fig. 12. Push-butt on 
switch. Flush-mounting 
type. (Bryant Electric ( o.) 



Fig. 13. Toggle or tumble! 
switch. Flush-m oun ting type 
{Harvey Hubbell , Inc.) 


10. Speed of Operation of Switches.- - With an ordinary manual switch 
the speed of closing or of opening a switch is dependent, upon the operator. 
Where current conditions are such that an arc may be drawn, attachments 
should be provided which make it impossible to open the switch slowly 
and thus draw a dangerous arc. The National Electrical Code requires 
that all 600-volt knife switches designed for breaking currents over 
200 amp. shall be equipped for quick-break action. The Code recom- 
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mends that all d-c switches rated at over 200 volts be so equipped. 
Many switches are provided with quick-make features as well as quick- 
break. A quick-break attachment for an open knife switch is shown in 
Fig. 14. When the switch is opened, the auxiliary blade is held in the 
switch jaws by friction until after the mam blade has been withdrawn. 
Withdrawal of the mam blade increases the spring tension so that it 
suddenly jerks the auxiliary blade out of the jaws and quickly breaks 
the circuit. In switches of the enclosed salety type, the operating handle 

is frequently connected through linkages 
and a spring so that after the handle has 
been moved a certain distance the spring 
quickly completes the closing or opening 

„ „ , . _ action, giving the switch quick-break or 

Fig. 14. -A quick-bieak . ’ 

swltoh make features. 

11. Enclosure of Switches.—Switches 
may be classified as open or enclosed, depending upon whether their 
current-carrying parts are exposed or enclosed m a protecting box or 
casing. All switches should be of the enclosed type (externally operated) 
unless they are mounted on switchboards or panel boards. Even in these 
cases it is generally better practice to use switchboards and panel boards 
of the dead-front-construction type. In no case should open switches be 
employed where they mav be operated by unqualified persons. 

Switches may be obtained with enclosures to meet the requirements o( 
different classes of exposures. The standard N.E.M.A. types of non- 
ventilated enclosures are as follows: 

Type I. General-ptjrpose. —A sheet-metal case designed to meet the 
Underwriters’ Laboratories’ general specifications for enclosures as may 
be in effect from time to time, and primarily to protect against acci¬ 
dental contact. 

Type I case is suitable for general-purpose application, indoors, and 
w'here atmospheric conditions are normal. It serves as protection against 
dust and light indirect splashing but is not dust tight. 

Type II. Dripticjitt. —A sheet-metal case similar to Type I, with the 
addition of drip shields or their equivalent. 

Type II case is suitable for application where condensation may bo 
severe, as in cooling rooms and laundries. 

Type III. Weather Resisting. —A case of cast construction, or of 
sheet metal of suitable rigidity, with proper protection against weather 
hazards, as rain and sleet. 

Type III case is suitable for outdoor application, as on docks, canal 
locks, and construction work, and also for application in subways and 
tunnels. 

Type IV. Watertight. —A case of cast construction, or of sheet 
metal, of suitable rigidity, and designed to meet the following hose tost: 
A stream of water from a hose (not less than 1 in. in diameter) under a 



Auxiliary Blade Spring 
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head of about 35 ft. when played upon the apparatus from a distance of 
about 10 ft. for several minutes must not produce leakage. 

Type IV case is suitable for application outdoors, on ship docks, and 
in dairies, breweries, etc. 

Type V. Dukttight. —A case of cast construction, or of sheet metal 
of suitable rigidity, and provided with gaskets or the equivalent to exclude 
dust. It meets the requirements of the National Electrical Code for 
Class III and IV locations as may be in effect from time to time. 

Type V case is suitable for application in steel mills, cement mills, and 
other locations where it is desirable to exclude dust. 

Type VI. Submersible. — A case designed to meet the requirements 
of operation under water for specified conditions of pressure and time. 

Type VI case is suitable for application where it may be subject to 
submersion in water, as in quarries, mines, and manholes. The design 
will depend on the specified conditions of pressure and time. 

a. Wiping joints for cable connection may be provided as an option. 

Type VII. Hazardous Locations — Class I— Air Break. — A case 
designed to meet the application requirements of the Code for Class I, 
Group D hazardous locations as may be in effect from time to time and 
designed in accordance with the Underwritors' Laboratories’ specification 
as may be in effect from time to time. 

Type VIII. Hazardous Locations— Class I— Oil Immersed. — 
A case designed for the application requirements of the Code for Class I, 
Group D, hazardous locations as may be in effect from time to time and 
designed in accordance with the Underwriters’ Laboratories’ specification 
as may be in effect from time to time, the apparatus being immersed in oil. 

Type IX. Hazardous Loc ations — Class II.—A case designed for 
the application requirements of the Code for Class IT hazardous locations 
as may be in effect from time to time and designed in accordance with 
the Underwriters’ Laboratories’ specifications as may be in effect from 
time to time. 

Type X. Bureau of Mines. —A case designed to meet the require¬ 
ments of the U. S. Bureau of Mines, as may be in effect from time to time. 

Type X case is for application in coal mines. 

Note I. — When an enclosure iH required to meet gai-qnoof or gastight requirements, 
the selection of a suitable type will depend on whether protection is desired against 
corrosion, or against explosion and fire. 

Note II.—When an enclosure is required to meet acid-resistant or fume-resistant 
requirements, the design will depend on the conditions of exposure. 

Note III.—For explanation of classes of hazardous locations, refer to Div. 8. 

12. Overcurrent protection for circuits or apparatus is frequently 
incorporated with a switch. For the protection of circuits the protective 
device incorporated with the switch will consist of fuses. For the pro¬ 
tection of equipment the protective device may be any one of the types 
listed in Sec. 44 (1, 2, 4, and 5). Fused switches are equipped with fuse 
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clips for accommodating standard cartridge fuses or in some cases Edison 
screw-base plug fuses. 

Fused switches used on systems with a grounded neutral may have 
one less pole than the number of conductors of the circuit, or a solid- 
neutral or switching-neutral switch may be employed. In the first case, 
the neutral leg is not carried through the switch, but the neutral con¬ 
ductor is simply carried through the switch box in the space around the 
switch. A solid-neutral switch (Fig. 15) has one less blade or contact 

than the number of conductors 
of the circuit, with a neutral 
strap located in the space be¬ 
tween two of the switch blades 
or contacts for carrying the 
neutral leg solidly through the 
switch without breaking the cir¬ 
cuit of the neutral conductor. 
No fuse is located in the neutral 
leg. A switching-neutral switch 
(Fig. 16) has a blade or contact 
for each conductor of the circuit. 
The blade or contact for the 
neutral conductor is connected 
by means of a copper strap to 
its terminal without any fuse 
clips. Such a switch opens the 
neutral conductor leg when the 
switch is opened. 

Fig. 15.— Threc-pole, solid-neutral, 13 . General-purpose or 
fusod switch. (Trumbull Electric MJ a . general _ use power sw i tch es are 

switches intended for use in 
general distribution and branch circuits. They are rated in amperes and 
are capable of interrupting their rated current at their rated voltage. 
They may be of the open or enclosed externally operated type. The 
enclosed switches are generally referred to as safety switches. 

General-purpose or general-use power switches are designated as Type 
A, C, or D switches, depending upon the severity of service for which 
they are designed. Type A switches are the most ruggedly constructed 
switches of the three types and are designed for the heaviest duty service 
both with respect to frequency of operation and current capacity for 
handling heavy overloads. Type C switches are of lighter construction 
than Type A and are designed for service conditions where frequent 
operation is not required and where overload conditions are not severe. 
Type D switches are of light construction and are designed primarily for 
entrance service and general-purpose use where load is light and operation 
very infrequent. 
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14. Open switches are switches constructed with their current-carrying 
parts exposed. Most open 
switches are of the plain lever 
knife-blade type. Knife-blade 
switches in very heavy current- 
carrying capacities are hard to 
operate owing to the large rub¬ 
bing contact surfaces required. 

For this reason open switches of 
very large capacity are usually 
ol the brush-butt-contact type 
(Fig. 8, III). 

Most open-levcr-type, knife- 
blade switches are of the single¬ 
break type and are made in a 
variety of different forms. 

They can be obtained in single-, 
double-, triple-, and four-polo 
types, for either front or rear 
connection (see Figs. 17 and 18). 

They may be of the fused or 
unfused type and either single or 
double throw. 



Fig. 10.—Three-pole, switching-neu- 
tial, fused switch. (Trumbull Electric 
Manufacturing Co.) 


Open switches are used principally for mounting on panel boards or 



Single Throw 




e d 

Double Throw 


Fig. 17.—Front-connected knife-blade switches. (“Electric System Hand¬ 
book”) 


switchboards and occasionally for other purposes, when mounted inside 
enclosing boxes. 
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16. The names of knife-switch parts are given in Fig. 5. The contact 
between the break jaws and the blade should be carefully inspected, as 
it is at this point that knife switches are most apt to give trouble by over¬ 
heating. The contact between the hinge jaws and the blade seldom 
limits the capacity of a switch, because it is under pressure from the hinge 
bolt and the spring washers. The capacity of a switch is determined by 
its temperature rise. The National Electrical Code specifies a maximum 
rise in any part of 50°F. at National Electrical full load. 

About 1,000 amp. per sq in of copper section and 50 to 75 amp. per 
sq. in. of sliding contact surface is usually allowed in designing switches. 

A switch that will carry, possibly, 1,000 amp. with a 20°C. temperature 
rise, will carry possibly 2,000 amp. with about a 60°C rise. The radia- 



Fig. 18.—Real-connected knife-blade switches. (“Electric System Hand¬ 
book ") 

tion of heat from the switch increases more rapidly than does the rise in 
temperature, and as the heat generated varies as the square of the current, 
it is evident that the temperature rise will be somewhat less than pro¬ 
portional to the square of the current. 

With a given current, a switch will break about double the voltage 
with alternating current as with direct current. This is due to the fact 
that an alternating current decreases to a zero value during each cycle. 
The Code recognizes this and specifies that the spacings for 250 volts d.e. 
are also approved for 500 volts a.c. 

The voltage drop from contact block to hinge block of a good switch 
should not exceed about 12 millivolts with full-load current. 

16A. A special form of open knife-blade switch is made by the I-T-E 
Circuit Breaker Co. It is called the Klamp-Titc Switch, Fig. 18 A. This 
switch is so constructed that, as the switch is closed, a clamping action 
exerts a heavy equalized pressure on the top and bottom contacts. This 
pressure, together with the normal wiping action, ensures a good low- 
resistance contact. 

16. Finish of Switches. —The copper parts of safety switches are fre¬ 
quently tin-plated in order to reduce the formation of copper oxide and 
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I. Closed position. The two side 
compression bars carry right- and 
left-hand threaded nuts into which 
a clamping bolt is rotated by the 
movement of the handle. This 
clamping action develops heavy 
equalized pressures on the top and 
bottom contacts. 


II. Semi-closed position. In open¬ 
ing the switch the handle is moved 
to this position, rotating the clamp¬ 
ing bolt and relieving the pressure 
on the contacts. The handle and 
blades latch together at this point 
in the stioke and the switch is 
opened in the conventional manner. 



III. Open position. With the switch in the open position, clamping pres¬ 
sure is relieved. The blades are attached to the lower block by a floating 
hinge pivot. Switch adjustment is such that a wiping action is obtained at 
both top and bottom contacts. All contact surfaces are silvered. 

Fig. 18 A, —Klamp-Tite open knife-blade switch. (I-T-E Circuit Breaker 

Co.) 
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prevent corrosion. The contact parts of the better switches are either 
silver- or cadmium-plated in order to provide a better contact surface and 
thereby reduce the heating and ensure longer life. 

Open knife switches may be furnished with the copper parts finished in 
different ways. The different finishes supplied by the Trumbull Electric 
Manufacturing Co., which are typical of the industry, are given below. 
An additional charge is made for special finishes. 

Standard Finish No. 1. Plain finish. This finish is 
applied to parts which are either acid-dipped or washed 
for the purpose of brightening or cleaning the surface. 
Parts may or may not be lacquered. 

Standard Finish No. 2. Brush finish. These parts 
have a No. 100 emery rough polishing before fabrication 
and after fabrication are rough ground, i.e., with No. 40 
and then with No. 80 emery. They are then acid-dipped 
and lacquered. This finish is regularly supplied on Type 
A, front-connected switches. 

Standard Finish No. 3. Polished finish. Metal is No. 100 emery 
rough-polished before fabrication and then ground, first with No. 40 and 
then with No. 150 emery. It is then polished, buffed, colored, and 
lacquered. This finish is regularly supplied on Type A, back-connected 
switches 

Special Finish No. 1. Satin or mat The parts are ground with No. 
100 emery before fabrication Afterward they are rough-ground with 

r\ 

Type A Type B Type C Type B 

Under 1600 amp 100-1200 amp 1600 amp and above 

Unless otherwise specified Type B is furnished above 60 amp capacity 
Fig. 20.— Spade handles as supplied by the Trumbull Eleetne Manufacturing 

Co 

No. 40 emery and No. 100 emery on a w r ooden wheel. When necessary, a 
further grinding on the felt wheel with No 150 emery is given. Then 
they are subjected to a power-driven wire brush to obtain the satinlike 
finish, and arc lacquered. This finish is available at additional charge. 

Special Finish No. 2. Draw file. The metal is No. 100 emery rough- 
polished before fabrication and then No. 40 emery-ground, followed by 
wooden wheel with No. 100 emery. Then the metal is polished and run 
under the No. 150 emery felt wheel, with lines on all parts running in the 
same direction. Finally, the metal is lacquered. This finish is available 
on request at additional charge. 




Fig. 19. 
Straight han¬ 
dle on two- 
pole switch. 
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17. Special Features for Open Knife Switches. —Two types of oper¬ 
ating handles are available for open knife switches, the straight handle 
(Fig. 19) and the spade handle (Fig. 20). Straight handles are available 
in two types: regular and short. The short handles are used on high post 
switches for cabinet work. Spade handles are generally provided for 
the following switches: 

Single-pole s w it c h e s above 
1,600 amp. 

Two-pole switches of 800 amp. 
and above. I Single pole low post with quick break attachment 

Three-pole switches of 800 amp. 
and above. 

Three-pole switches of 600 volts 
(all amperages). 

Four-pole switches. 

Switches may be provided with 
either high or low posts as shown I- Single pole high post with quick break attachment 
in Fig. 21. High-post switches Fig. 21 .—Open knife switches of the 
will allow the switch when open back-connected, fused type. ( Trum - 
to lie back over the fuses parallel bul1 Eleclru ^u/aclurir^ Co.) 
with the mounting surface. Most switches may be provided with quick- 
break attachments if desired. Front-connected switches are generally 
furnished with slate bases, but ebony bases can be supplied on request. 

Special attachments which arc available for holding the switch in defi¬ 
nite positions are shown in Fig. 22. 





I. 90° Stop switch II. Double throw III. Padlock attach- 
handle will not throw Type A .switch nient on Type A switch 
beyond 90°. equipped with open 

position catch. 

Fig. 22. —Special attachments for open knife switches. (Trumbull Electric 
Manufacturing Co.) 


18. Safety switches consist of a switch mounted inside a sheet-metal or 
cast-iron box and operated from outside the box by means of a handle 
connected to the switch mechanism. Various types are available with 
contacts of either the single- or double-break type employing either 
knife-blade or butt-contact construction. The operating handle may be 
located on the side of the switch box, in the center of the front cover, or in 
the front side of the box (see Fig. 23). 
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I- Type C switch with I- Type A switch for switchboard E-Type A switch with handle 
handle on side. mounting with handle in in front side (Square D Co.) 

(Trumbull Elec.Mfg.Co) middle.(TrumbullElec.Mfg.Co) 

Fig. 23.—Safety switches showing different types of operating handle 

arrangement. 


Jaw post —vj 
Lug not—*^ J 

Sniff-arc - - 

Cover pin ^ Hk 

Cover K| 

handle - 

t 

Bumper stop 

- - 

Comb hinge 
and fuse post > 


U type / 
cross bar^ 

Cover hinged 


.7. ^ 0 ^ ■ * 

r 9 f • /, 


Spring seat 
Spring 
Cover catch 


Cover catch 

WJdNf ■^ ,nHr,ock 

/ i Xassembly 

I / _jgV. JV<?Are stop 

^ } ^.Hcna/e 

* - Ijr;-. C\ * X C aSepOSt 


Blade and loop 
strap assembly 


Base screw 


Fig. 24.—Typical 


Class A, knife-blade-type safety-switch construction. 

(Trumbull Electric Manufacturing Co,) 
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Safety switches of certain types are so arranged that their doors cannot 
be opened when the switch is closed. Others possess this feature and the 
additional one that, when the switch and door are open, absolutely no live 




Fig. 25.— Safety switch oi double-break, butt-contact (single-line) construc¬ 
tion. Construction of switch-constants is shown in Fig. 6, II. (Trumbull 
Electric Manufacturing Co.) 

metal parts are exposed. When the switches are maintained by skilled 
persons who appreciate the possible dangers, the refinements which are 
desirable for unskilled attendants 
are not necessary. 

Safety switches are made in two-, 
three-, four-, and five-pole assem¬ 
blies either fused oi uni used and 
in single- or double-throw types. 

The three-, four-, and five-pole 
switches may be of the standard, 
solid-neutral, or switching-neutral 
type. Safety switches are made in 
Class A, C, and D types of con¬ 
struction. They may be obtained 
«h or without qiikk-birok Stt 

mechanism. Many switches are facturing Co.) 
constructed so as to give quick- 

make action in the closing of the switch as well as the quick-break action 
in opening. Typical construction of a Class A, knife-blade-type safety 
switch is shown in Fig. 24. Butt-contact design (Fig. 25) generally results 
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in a more compact construction with smaller over-all dimensions. A 
very compact type of rotary knife-blade switch (Fig. 26) is made, however, 
in 30- and 60-amp. sizes. 

Excessive heating at the fuse clips due to poor contact has often caused 
trouble in safety-switch installations. Many fused switches are provided 
with fuse clips of a positive-pressure type in order to safeguard against 
this difficulty. Two types of pressure-clamp fuse clips are shown in 
Fig. 27. 

19. To make a contact between switch blade and jaws, considerable 
skill is required. After a switch is assembled, the jaws are first bent into 
correct position either by hand or by driving a block of wood against the 
distorted portion with a hammer. Then they are “ground in” with 

vaseline and fine (FF) 
pumice. Often the “fit” 
of a switch is reasonably 
good at the start, and 
merely working the blade 
in and out of the jaws by 
hand will grind them in. 
Before the grinding proc¬ 
ess is started, the portion 
of the blade that wipes 
the jaws should be daubed 
with the vaseline-and-pumiee compound. The abrasive not only “grinds 
in the fit” but wears off the lacquer, which, if it remained, might be the 
cause of a bad contact. The surplus compound should be renin'sed with 
a rag. 

20. A test for good blade contact can be made by trying to insert a 
“feeler,” which is a leaf of very thin steel, mica, or paper, between the 
jaws and blade at the corners and sides. About 0.001 to 0.004 in. is about 
the right thickness for a feeler. An excellent feeler can be made by ham¬ 
mering down to a knife-edge the edges of a strip of very thin metal possi¬ 
bly 4 in. long and a 4 in. wfide. If the feeler slips in at any point, it is 
evident that the fit is poor at that point and the contact bad. Proper 
forming of the jaw will correct the difficulty. There have been cases 
where switches have been made to carry, without excessive temperature 
rise, currents 50 per cent greater than their normal ratings, by merely 
carefully fitting their jaws to their blades. 

21. The standard sizes of general-purpose power switches arc 30, 60, 
100 , 200, 400, 600, 800, and 1,200 amp. Safety switches are also made in 
1,000- and 2,400-amp. sizes. Klamp-Tite switches are made in 400-, 
600-, 800, 1,000-, 1,200-, 1,600-, 2,000-, 3,000-, 4,000-, and 5,000-amp. 
sizes. Toggle switches are made in 300-, 500-, 600-, 800-, 1,000-, 1,200-, 
1,600-, 2,000-, 2,500-, 3,000-, 4,000-, 5,000-, 6,000-, 8,000-, and 10,000-amp. 
sizes. The last two sizes are made only for d-c circuits. 


Steel spring 
integral with dips 



Tightening screw grips 
the fuse blade 



I-Steel spring type IT Screw clamp type 
(Square D Co ) (Trumbull Elec Mfg Co) 

Fig. 27.—Pobiti\e-piessuie-type luse clips. 
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22. Disconnecting or isolating switches are intended simply for dis¬ 
connecting or isolating circuits from their source of power. They are not 
intended to be used for interrupting the current of the circuit and are 
only to be operated when the circuit has been opened by some other means. 
The principal application of these switches 
is for isolating equipment or parts of an 
electric circuit for inspection or repair. 

They are commonly used on circuits rated 
at more than 600 volts. They arc made 
in a great variety of open knife-blade 
types to meet different requirements of 
both indoor and outdoor service. Since 
they are generally located out of arm’s 
reach, they are provided with an eye on 
the free end of the blade for operation with 
a hook rod. A typical switch of this type 
is shown in Fig. 28. An enclosed safety industrial disconnecting switch 
is shown in Fig. 29. It provides a means of disconnecting the motor and 
its control equipment from the line for purposes of inspection and repairs. 
The switch illustrated is provided with jacks for the insertion of a test 
plug for the connection of meters to the circuit. 



Fig. 28.—Indooi-type dis¬ 
connecting switch. (“ Elec¬ 
tric System Handbook.") 



I. Disconnecting switch, front II. Disconnecting switch, front 
cover open, exposing slots for and slotted covers open, switch 
jacks. closed. 

Fig. 29.—Disconnecting switch of industrial type with test jacks. (General 

Electric Co.) 

23. Motor-circuit switches are used for the interruption of current in 
motor circuits. They are rated in horsepower and must be capable of 
interrupting at their rated voltage the maximum operating overload cur¬ 
rent of a motor of the same horsepower as the switch rating. The maxi- 
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mum operating overload current is taken as six times the rated full-load 
motor current for a-c motors, and four times 
the rated full-load motor current for d-c motors. 
Motor circuit switches are of the same con¬ 
struction as the general-purpose safety 
switches discussed in Sec. 18. Most manu¬ 
facturers employ the same switch for both 
classes of service. The switch is rated in 
amperes for general use and is given a horse¬ 
power rating for motor-circuit application. 

24. Motor-starting switches are employed 
for the starting of motors which may be started 
directly across-the-line. Standard motor-cir¬ 
cuit switches may be used for this purpose, bul 
it is generally better practice to employ a 
switch designed specifically for starting duty. 
They are made in manual and magnetic types. 
These motor-starting switches generally are 
provided with some form of motor-overload 
For a discussion of motor-starting switches refer to 
When the control of a d-c 



Fig. 30. —Multiple- 
contact open knife-blade 
switch for motor start¬ 
ing. (“ Elect rir System 
Handbook.") 

protective device, 
across-the-line starting equipment in Div. 



Z-Pole I- Pole Side View 

I. Field switch for mounting on the front of a switchboard 


Auxiliary quick 
break blades 
still making ; 
contact to supply 

Auxiliary black-"' 
in contact with 
auxiliary dip 



Field switch. 


Field discharge 
J I / resistance 


y / Fiel d 
MAMr-'lftft 


-Field — 
rheostat 


ry . 

jji 


,, Auxiliary blade 
not in contact 
with auxiliary dtp 


j Field 
AMAAr^l 


aAaaAt^OTO^T 
(oO-Swiich opening (b)-Swifch closed 

II. Schematic diagram showing functioning of switch. 
Fig. 31.—Field switch. 


motor is mounted on a switchboard, a multiple-contact, open knife switch 
(Fig. 30) is frequently employed for cutting out the starting resistance. 
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I. Switch open at left, closed at light. 


These switches may be provided with a ratchet device on the hand lever 
so that the switch cannot be moved too rapidly from step to step. 

25. Field switches are used for the interruption of the field current of 
generators and synchronous motors. These switches (Fig. 31) are pro¬ 
vided with an auxiliary contact, an extra blade attached to one of the main 
blades, and auxiliary quick-break blades attached to each main blade. 
In operating the 

switch for discon¬ 
necting the field from 
its source, the auxil- 
iai 3 q u i c k - b r e a k 
blades do not break 
contact with their 
jaws until after the 
short auxiliary blade 
has made contact 
with the extra jaws. 

Thus the field circuit 
is shorted through 
the discharge resist¬ 
ance before the cir¬ 
cuit is disconnected 
from its source. 

Since the field circuit 
is highly iuductive, 
if the circuit were 
suddenly broken a 
high induced voltage 
would be produced 
which might punc¬ 
ture the insulation of 
the field coils. The 
field switch of Fig. 31 
is for mounting on 
the front of the 
switchboard or panel. 

A preferable arrangement is to employ a switch mounted on the rear of 
the board as shown in Fig. 32. Electrically operated field switches can 
be obtained which allow T the field switch to be mounted near its machine, 
while its operation is controlled from the switchboard 

26. Service or Entrance Switches. —The service equipment to a build¬ 
ing consists of the necessary circuit breaker or switch and fuses and their 
accessories, which are located near the point of entrance of the supply 
conductors. It constitutes the main control and means of cutoff for the 
supply to that building. In large industrial plants comprising several 



W . * X j 14... .. . J 

II. Operating handler 

Fig. 32.—Field switch for mounting on the rear of 
a switchboard with front operating handle. 
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buildings, the service equipment for each building will generally consist 
simply of a fused safety switch or an industrial circuit breaker. For 
single buildings supplied directly from the utility’s lines, the service equip- 



Fig. 33.—Installation of service switches connected with conduit to sepai ate 
meter trough. (Trumbull Electric Manufacturing Co.) 

ment must include a switch, fuses, and a meter, or a circuit breaker and a 
meter. The meter is furnished by the utility, but the rest of the equip¬ 
ment must generally be supplied by the consumer. Service or entrance 
p- switches are ones specifically designed to meet these 
entrance conditions so that the meter and filled 
/i switch may be mounted in a convenient, neat, and 

I l j compact manner. The top end of most of the switch 

1 boxes is provided with knockouts for conduit connec- 

f~~ ~ ~~ ^ j | tion or twistouts for accommodating standard meter 
EZjj ' trims (Fig. 35). This allows the box either to be con- 

? nected by means of conduit to a separate meter trough 

□ (Fig. 33) or to have the meter mounted directly on 
top of the switch box (Fig. 34). 

>'*1/1 27. Service or entrance switches are made in a 

,_ great variety of types in order to meet the desired 

p iG ^ _j n sequence between meter, switch, and fuses (refer to 

stallation of meter- Div. 8) and the other requirements of individual 
service switch, utility companies. It has been impossible to intro- 
(Trumbull Electric ducc any standardization into the types of service 
Manufacturing sw ft c h owing to the divergence of opinion among the 
utility representatives. Some of these switches 
simply include the entrance switching device (Figs. 33; 34; 37, I; and 40) 
and overload protection for the service. Others have in addition a switch¬ 
ing device and overload protection for an electric-range circuit. Still 
others combine the service-entrance equipment with overload protection 
for branch circuits and frequently are called load and service centers (Figs. 
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36; 37, II; and 38). Types are available which include test links mounted 
on the main switch base so that the utility may test the meters without 


disconnecting the load and interrupting 
the customer’s service. In some types 
the main fuses are accessible to the cus¬ 
tomer (Figs. 36, 37, and 40) while in 
others they may be sealed by the power 
company so that they are not accessible 
to the customer. (Figs. 33, 34 and 38.) 

Service switches may be divided 
broadly into three types, depending 
upon the type of main switching device: 



Fig. 35. —End wall of en¬ 
trance switch box showing 
twistouts for accommodation of 


fuse-puller switches (Figs. 36, I, and 40, meter trims. (Trumbull Elec - 
II), circuit breakers (Fig. 36, II), and tHc Manufacturing Co.) 


the standard type of safety switch (Figs. 33, 34, 37, 38, and 40, I). A 
description of fuse-puller switches is given in Sec. 97. When the main 
switching device is a circuit breaker, the equipment generally is of the 





Fuse puller switch for range- 
Fuse puller switch fbrservicei 


branches 


I. Fuse-puller switch type. 



II. Circuit-breaker type. May 
include breakers for main, range, 


and branch circuits. 

Fig. 36. —Meter-service switches and load centers. (Trumbull Electric 


Manufacturing Co.) 


load-center type with each branch provided with a circuit breaker. This 
type has the advantage that it provides a means of switching as well as 
overload protection for each branch. The other types of load center pro¬ 
vide only overload protection for the branches with no means of switching. 
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28. The latest development in service-entrance equipment is the 

detachable, socket type of meter. The meter is provided with prongs 
that fit into clips or jaws provided in a meter-mounting trough. Some of 
these troughs are wired on the job and others are factory wired by the 
manufacturer. They are made in indoor and outdoor weatherproof 
types. Examples of troughs and installations of this type are shown in 
Figs. 33, 39, and 40, II. 

29. Service switches are available in raintight enclosures so that the 
service-entrance equipment may be located on the outside of the building. 
Typical equipment is shown in Fig. 40 



Fig. 37.—Set vice-entrance switch of the standard safety-switch type with 
accessible main-line fuses. (Metropolitan Device Corp.) 

30. Wiring switches, as designated in this book, include all the rela¬ 
tively small switches that are employed in interior wiring installations for 
the control of branch circuits and individual lamps or appliances. Except 
for mercury switches, the switching mechanism consists of a snap action 
operated by one of the midhods given in Sec. 9. Wiring switches are 
made in many types in order to meet the requirements for different condi¬ 
tions of mounting. 

The flush type of switch (Figs. 41 and 42) consists of a switch mecha¬ 
nism mounted in a porcelain or composition molded case with the com¬ 
plete unit designed to be mounted inside a switch box, outlet box, or 
conduit fitting so that the operating handle or button is the only portion 
of the switch which extends beyond the cover of the box or conduit fitting. 
The contacts may be of the knife-blade or mercury type (Sec. 7). Those 
with knife blades arc available with tumbler, push-button, or locking 
types of operating mechanisms. Mercury switches are almost com¬ 
pletely silent in operation, making practically no noise on the make or 
break. They are used in installations where the click of a switch might 
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, Switch 

Ml m .. Operating Handle 

wmM 


. ^Hinged Cover For enclosing 
/ branch Cutouts 
\ (Mends l*From Face Of Bod 


Lug For Locking 
Switch Closed 


Lug For Locking 
Switch Open 


-Branch Circuit* 
Cutouts ——* 


** U-Shaped And 
Conduit Knockouts 


Cover Hinged At Bottom 



K*.-65.>i<il H 

I. Arranged to serve two branch II. Arranged to serve four branch 
circuits. circuits, 

a. Universal service-entiance switch and load center. {The Johns-Pratt Co ) 
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prove disturbing, such as in hospitals, nurseries, etc. Locking switches 
do not have a protruding operating handle but are operated by a key 
inserted in a slot m the face of the switch mounting. 



I. Trough for single meter. II. Metei tiough. 

Fig. 39. —Meter troughs for detachable socket-type meteis. (Trumbull 
Electric Manufacturing Co ) 



Fig. 40.—Outdoor service-entrance switch and load center. 

Flush-mounted switches may be classified into three subtypes depend¬ 
ing upon the physical size and mounting of the switch. The standard 
line of switches (Figs. 41 and 42) is made with more generous proportions 
and is the most rugged of the three types. It should be used for heavy- 
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duty installations and where frequent operation is required. The over¬ 
all dimensions range from 1 to 2 in. in depth, V/i% to 2 in. in width, and 
from 2% to 3Ji6 in. in length. Most of these switches are supplied with 



J-Tumbler type with H-Tumbler type with HI- Push button type 

porcelain body composition bod^f with porcelain body 
Fig. 41. —Standard line of flush wiring switches. (Pass & Seymour , Inc.) 



of switch I-Tumbler type II- Rotary type 


Fig. 42. —Locking type of tumbler Fig. 43. — Surf ace- wiring 

flush switch, standard line construe- switches. (Pass & Seymour , 
tion. Inc.) 



Fig. 44.—Ceiling types of pull rotary switches. 


two sets of supporting screw holes, spaced from center to center Z% 2 and 
2% in., respectively. They are made in sizes up to 30 amp. capacity. 
Batches of standard-line dimensions are made in regular tumbler, push- 
bijltton, locking, and mercury types. 
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The interchangeable line of switches (Fig. 45) is constructed in a much 
more compact manner with less generous proportions. As many as three 
of these switches may be installed in the same space required for a single 
standard-line switch. They should not be used for heavy-duty installa¬ 
tions or where very frequent operation is required. The largest size 
switch made in this line is 10 amp. Three switches or a combination 
of three units of switches, receptacles, and pilot lights may be assembled 




IE-Pilot and night lamps 

Fig. 45.— Parts for interchangeable line of surface switches. (Pass d* *S7/y- 

mour , Ivc.) 

on a single supporting strap yoke and mounted in a single gang outlet ho\ 
or switch box (see Figs. 45 and 47). These switches are made in tumbler 
and locking types with knife-blade contacts. 

The combination line of switches (Fig. 48) is similar, in general con¬ 
struction, generosity of proportions of parts, and service for which they 
are suited, to the interchangeable line. It consists of combination 
assemblies of switches, switch and receptacles, switches and pilot light, or 
switch, pilot light, and receptacle mounted in one molded composition 
body. A combination body can be mounted in a single gang box. 
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Fig. 40.—Method of assembling units and strap. (Pass & Seymour Inc.') 



I-Three switch 
assembly 



E- Two switches assembled III - One switch, receptacle, 

with pne pi lot or and light assembly 

night light 


Fig. 47.—Typical assemblies of interchangeable wiring devices. (Pass & 

Seymour, Inc.) 
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Surface switches (Figs. 43 and 44) are designed for mounting on the 
surface of a wall, ceiling, or box so that all or practically all the switch 
body extends beyond the surface upon which it is mounted. The con¬ 
tacts are of the knife-blade type operated by tumbler or rotary action. 



T Three switch II- Two switches with IE- Switch and lamp 

one receptacle with one blank 

Fig. 48.—Combination line of flush switches and devices, (i General Elec¬ 
tric Co.) 

Special heavy-duty tumbler switches for mounting in cabinets or boxes 
are made in double- and three-pole types up to 60 amp. capacity for 250 
volts. 

Pendant switches (Fig. 49) are used for the control of lamps or other 
devices which are mounted overhead out of reach from persons standing 
on the floor. They are supported at the end of a pendant two-conductor 
cord, and their operation opens and closes the circuit of the cord. 



I-Brass shell I-Porcelain shell IH-Bakelite shell 

(General Electric Co.) (Pass & Seymourjnc) 

Fig. 49.—Pendant switches. 

Through-cord switches (Fig. 50) are designed to be inserted in a 
portable cord for control of the cord circuit. 

Door switches (Fig. 51) are for the purpose of controlling circuits 
through the opening and closing of doors. They are mounted in boxes 
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located in the doorjamb. Two types are available, one constructed so 
that the switch is closed when the door is open and the other so that the 
switch is closed when the door is closed. 



Fig. 50.—Thiee-cord Fig. 51.—Door switch, 

switch. (Pass & Seymour, {General Electric Co,) 

Inc.) 


Canopy switches (Fig. 52) are small compact switches for mounting in 
the canopies of lighting fixtures for the control of the lamps direct 






Fig. 52.—Various types of canopy switches. {General Electric Co.) 


at the fixture. They may be obtained in pull-chain or toggle-switch 
types. 

Appliance switches are made in a variety of types for mounting in the 
appliance enclosure. 



I-SINGLE-POLE SWITCHES 
For controlling lights 
from one point-breaking 
one side of line 


n SINGLE-POLE SWITCH AND 
PILOT LAMP RECEPTACLE 
1o be used where it is desirable 
to indicate if lights are "oN"or 
"OFr.eg .a cellar ligh A 
controlled from the kitchen 
with pilot light in the kitchen 



IH DOUBLE-POLE SWITCHES 
Tor controlling lights from I 
one point-breaking both 
j>ides of line 


Fig. 53.—Connections and functions of single- and double-pole switches. 


Rotary surface switches may be obtained mounted in special enclosures 
to meet the conditions of special exposures such as weather, water, or 
explosive atmospheres. 
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31. Wiring switches are available in different types in order to perform 
different functions in the wiring system. The regular switches designated 
simply as single pole or double pole are for the general-purpose use of 
opening and closing circuits for control of lamps or other devices from a 
single point. The single-pole switches (Fig. 53,1 and IT) break the circuit 
of only one side of the line, while the double-pole switch (Fig. 53, III) 
breaks the circuit of both sides. 



1-3 WAY SWITCHES 

To be used where it is desirable to control 
lights from two different points,e a, a 
hall light to be controlled from the lower 
hall and upper hall or sleeping room 



IT 3 WAY SWITCHES AND PILOT LAMP RECEPTACl E 
To be used where it is desirable to control 
lights from two different points and In 
indicate if lights are 'on or off eq a 
garage light controlled from the kitchen or 
garage with pilot light in the kitchen 


Fit.. 54.—Connections and functions of three-way switches. 


Three-way switches are used where it is desired to control lights from 
two different points, such as a hall light to lie controlled from the lower 
hall and the upper hall. The lights nmv be turned on or off from either 
position. Three-way switches when properly connected (see See. 33) 
break the circuit of only one side of the line; they do not isolate 
the circuit from the supply. The method of controlling a lamp from two 
positions with two three-way switches is shown in Fig. 54. 



m- 3 WAY AND 4-WAY SWITCHES 
for controlling lights from three different point.. 

For each addi tional control point desired an additional 
four-way switch should be inserted between the 
two outside three-way switches 

Fig. 55.—Connections and functions of three-way and four-way switches. 

Four-way switches in conjunction with two three-way switches are 
used where it is desired to control lights from three or more different 
points. Two three-way switches are required with as many four-way 
switches connected between the two three-way ones as there are points of 
control in excess of two. Thus to control lights from four different points 
requires two three-way switches with two four-way switches connected 
between them. The method of control from three different locations is 
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shown in Fig. 55. Four-way switches when properly connected break 
the circuit of only one side of the line. 

Three- and four-pole switches are available in tumbler and rotary 
types for a limited number of applications for control of circuits with 
three or four wires. 

Multiple-circuit or electrolier switches are used for the control of lights 
in multiple-lamp fixtures so that one lamp or set of lamps may be turned 



I'm 5G.—Two-circuit elect!oJier switch. 

Is! position eueuit No. 1 3d position—cucuits Nos. 1 and 2 

2d position oncuit off 4th position—all cucuits off 

on alone or in combination with other lamps The method of control is 
shown in Figs 5fl and 57. These switches bieak the circuit of only one 
side of the line. 

Momentary-contact switches are used where it is desired to close or 
open a circuit for only a short length of time. The switch is provided 



Fur 57- Thiee-t it cuit elect toliei switch. 

1st position—cncuit No 1 4th position cucuits off 

2d position -cncuit off 5th position -cucuits Nos. 1, 2, 

3d position circuits Nos. 1 and 2 and 3 

btli position— all cucuits off 

with a spring so that it will return to its original position as soon as the 
handle or button is released They are available in standard-line tumbler 
and push-button types of flush switches and m push-button surface types 
Heater switches are designed for the control of circuits for electric 
ranges and electric heating devices. They are made in single- and double¬ 
pole types for control of single, double, or triple heats. 
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32. Common Available Wiring Switches 


Current capacities regularly available for switches of 
following function: 


Type of mounting, 
construction, and voltage 


1. Flush, standard line: 

o. Tumbler, knife 

blade, 125 volts 
(with regular oper¬ 
ating handle or 
lock type). 

£>. Tumbler, knife 
blade, 250 volts 
(with regular oper¬ 
ating handle or lock 

c. S3?- button, 125 

volts. 

d. Push button, 250 

volts. 

e. Tumbler, mercury 
contact, 125 volts. 

/. Tumbler, mercury 
contact, 250 volts. 

2. Flush, interchangeable 

line: 

a. Tumbler, knife 
blade, 125 volts 
(with regular oper¬ 
ating handle or lock 


b. Tumbler, knife 
blade, 250 volts 
(with regular oper¬ 
ating handle). 

3. Flush, combination line: 

а. Tumbler, knife 

blade, 125 volts 
(with regular oper¬ 
ating handle). 

б. Tumbler, knife 

blade, 250 volts 
(with regular oper¬ 
ating handle). 

4. Surface, tumbler, gen¬ 

eral purpose: 

a. 125 volts. 


b. 250 volts- 

5. Surface, rotary: 
a. 125 volts_ 


b. 250 volts 


c. 600 volts 


Single pole 

Double pole 

Three pole 

Four pole 

Three way 

Four way 

Electrolier 

Momentary 

contact 

Heater, 
single heat 

Heater, 
double heat 

Heater, 
triple heat 


10T 

10 T 



10T 

5 T 


10 





\20T 

20 T 



20 T 

10T 







SOT 

SOT 



SOT 

20 T 






( * 

10 



5 

2 



1 



' 10 

20 



10 

5 


5 





20 

30 



20 

10 







(,30 




30 







10 

10 



10 

5 

10 

10 

i 


5 

10 



5 

2 

5 

r > 

! 



5T 

oT 



»T 
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5 


1 

5 
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! 

i 

i 
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5 
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Type of mounting 
construction and voltage 


V 



o 



ft 

4) 

a 


"c 

•g 

o> 

(-> 


zr 

& 

H 

6 Surface momentary 

; 



contact ] ush button 
a 250 volts 
b 500 volts 




7 Heavy duty tumbler for 




mounting in cabinets 
or boxes 

! 



a 125 volts 

P 

30 

00 

(0 

b 250 volts 

{ 

20 

10 

10 

8 Pendant 




a 125 volts 

}io 



b 250 volts 

{: 



9 Through cord 




a 125 volts 
b 250 volts 

10 

) 



10 Door 




a 12o volts 
b 2 >0 volts 

1 

( 



11 Canopy 




a 125 volts 

p 



b 250 volts 

{5 




Current capacities regularly available for switches of 
following function 


5 

2 o| 


gc 

o o 


oj ? 
2 © 


uJSi 

a; u 


Note —The T after a current rating on a switch indicates that the switch will satis 
factorily c irry Type ( me mdescent limp loads of that value of current and that the 
switih is in kcoi dance with the Underwriter T i iting 



Jig 58 —Rotaiy type of <ontiol switch with cover i emoved ( Westinghau^e 
hhctric & Manufacturing Co) 

33. Caution should be exercised in connecting three-way and four-way 
switches, since it is possible to connect these switches with both sides of 
the circuit connected to each swit< h This is an improper connection 
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which should never be used. The switch is not designed for this purpose 
and in case of failure of the switch mechanism a short circuit may result. 
The right and wrong methods of connections are shown in Figs. 63 and 64. 
Refer to Sec. 38 for additional information on connection of these switches. 

34. Control switches are used for controlling from a switchboard the 
operation of electrically operated equipment such as switches, circuit 



Fig 59 — Contiol switch. (CUmial Elect n< Co) 


breakers, rheostats, prime-mover govcmois, etc. They are generally ot 
the drum or rotary type. Two repiesentative control switches are shown 
in Figs. 58 and 59. Pilot lamps are generally used m connection with 
control switches in order to indicate to the operator the position of the 
controlled equipment. 






Fig. 60 . —Rotary type of instrument switch with cover removed (Weating- 

house Electric & Manufacturing Co.) 


35. Instrument switches are employed for changing the connections of 
meters from one circuit to another. The most common type is of rotary 
construction as shown in Fig. 60. The plug-and-reccptable type of 
switch is also employed for connecting a common voltmeter, ammeter, or 
synchroscope to various circuits. One plug is used for each set of com¬ 
mon receptacles so that it is impossible to make cross connections. 
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Examples of plug-and-receptablc equipment are shown in Figs. 61 
and 62. 

36. Various miscellaneous types of switches are available for special 
applications. Knife-blade switches of reduced dimensions are available 
for low-voltage circuits such as telephone, signaling, and battery circuits. 


To voltmeter To voltmeter To voltmeter 



D, C. 2-Phase A.C. 3-Phase A.C. 

Fig. 61.-—Voltmeter receptacles and plug. (“Electric Syxtcm HamUtook.'') 



Circuits to be synchronized 

Fig. 62.—Synchronizing plugs and receptacles. (“Electric System Hand¬ 
book ”) 

INSTALLATION OF SWITCHES 

37. A switch or circuit breaker must not be installed so that it will dis¬ 
connect a grounded conductor of a circuit unless the switching mechanism 
simultaneously disconnects all wires of the circuit or is so arranged that 
the grounded conductor cannot be disconnected until the ungrounded 
conductor or conductors have first been disconnected. 

38. Three-way and four-way switches are in reality single-pole switches 
and therefore must be installed so that all switching is done only in the 
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ungrounded conductor. When the wiring for these switches is enclosed in 
a metal enclosure, the wiring must be so installed that at every point the 
same enclosure includes wires of both polarities. The correct and incorrect 
methods of wiring such switches are illustrated in Figs. 63, 64, and 65. 
Refer to Secs. 31 and 33 for additional information on three- and four-way 
switches. 



Circuit from Circuit from 

cabinet cabinet Two 3 Way Switches and 

Two 3-Way Switches One 4-Way Switch 

Fig. 63.—Right method of connecting three-way and four-way switches. 
(“National Electrical Code Handbook.") 



Circuit ft om 
cabinet 


Circuit from 
cabinet 


Two 3 Way Switches 


Two 3-Way Switches and 
One 4- Way Switch 


Fig. 64. —Wrong method of connecting three-way and four-way switches. 
(“National Electrical Code Handbook") 


<:>. 

-p- 

In one conduits _ 

P 

Bin 

p 


sJ 



Lor*' 


Fig. 65. —Illustrating how wires of opposite polarity must be enclosed in 
same conduit in the wiring of three-way switches. 

30. Position of Mounting. —Single-throw knife switches should be so 
mounted that gravity will tend to open and not to close them (Figs. 66 and 
67). Double-throw switches may be mounted so that the throw is either 
vertical or horizontal. If mounted with the throw vertical, the switch 
must be provided with a locking device which will hold the blades in the 
open position when so set. 
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40. In connecting knife switches in a circuit the switch should be wired 
so that the blades will be dead when the switch is open. 



Fig. 66.—A single-throw switch 
mounted vertically bo that gravity 
will not tend to close it. (“ Na¬ 
tional Electrical Code Handbook”) 



Fig. 67. —Wrong method of 
mounting a single-throw switch. 
In this position gravity tends to 
close the switch. 


The National Electrical code will allow a switch to be connected so 
that the blades are alive when the switch is open, provided that it is 
impracticable to connect it in the other manner. A fused switch should 



Preferable method. 
Switch blades dead when 
twitch is open 


Fig. 68. — Preferable method of 
connecting a knife switch. (“ Na¬ 
tional Electrical Code Handbook”) 


H 

* f Busbars 

Switch blades alive when 
switch is open. Thu connection 
should be avoided if practicable, 

Fig. 69. —Less desirable method 
of connecting a knife switch. 
(“ National Electrical Code Hand¬ 
book”) 


always be wired so that the fuses will be dead when the switch is open 
(Figs. 68 and 69). 


PROTECTIVE DEVICES 

41. Various forms of protective devices are employed for protecting 
electrical circuits and equipment from injury under abnormal conditions. 
These devices may be classified as follows according to the type of pro¬ 
tection which they provide. 

1. Overload protection. 

2. Underload protection. 

3. Undervoltage protection. 
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4. Overvoltage protection. 

5. Reverse-current or power protection. 

6. Reverse phase rotation. 

7. Lightning and surge protection. 

42. Relays and Releases. —Protection for the various types of abnormal 
conditions is in most cases provided by means of relays or release devices 
which actuate the opening of circuit breakers or switches. If protection is 
afforded by means of a simple release device, the abnormal condition 
causes the functioning of the release device, which acts directly upon a 
holding catch of the switch or breaker mechanism. With relay protection 
the abnormal condition causes the functioning of the relay, which opens or 
closes an auxiliary electric circuit, which in turn trips the switch or breaker 
mechanism. 

Release devices may be of the thermal or magnetic types. Thermal 
releases can be employed only for overload protection. Their operation 
depends upon the deflection of a bimetallic element as it is heated by the 
current of the circuit. Magnetic releases consist of a solenoid acting 
upon an iron plunger or armature. For current protection the coil of the 
solenoid is connected in series with the circuit, while for voltage protec¬ 
tion the coil is connected across the circuit which is to be protected. 

Relays may be of the thermal, magnetic, or induction types. The 
principles of operation of the thermal and magnetic types are the same as 
those for releases of the same type Induction relays operate upon the 
same general principle as induction motors and, therefore, are applicable 
only to a-c systems. 

43. Time Characteristics.— Relays and release devices may be classi¬ 
fied according to the time that will elapse between the occurrence of the 
abnormal condition and the opening ot the circuit. There are three 
general types: the instantaneous or high speed, the definite time, and the 
inverse time. In the instantaneous type, time delay is purposely omitted 
from its action so that the circuit is opened almost instantaneously upon 
the occurrence of the abnormal condition for which the release or relay is 
set. A definite time relay or release is purposely so designed that there is 
a definite time delay in its action. The abnormal condition must exist 
for a definite time before the device will function to open the circuit. The 
length of time of the disturbance required to cause the device to function 
is independent of the magnitude of the disturbance. An inverse-time 
relay or release is purposely so designed that there is a time delay in its 
action. The length of time of the disturbance required to cause the device 
to function is dependent upon the magnitude of the disturbance. The 
greater the magnitude of the disturbance the quicker will the device func¬ 
tion to open the circuit. All thermal relays and releases, owing to the 
principle of their construction, provide inverse-time protection. 

44. Overload protective devices are used in order to protect wires, 
wiring fittings and devices, and apparatus against excessive currents. 
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The several types of overload protective devices may be divided into the 
following groups: 


Means of Protection 


For Protection of 


1 . 


4. 


5. 


Fuses. 

o. Link fuses. 

b. Standard plug fuses. 

c. Standard cartridge fuses. 

d. Tiine-lag fuses. .... 

e. High-voltage fuses. 

Thermal cutouts. ... 

Circuit breakers actuated by: 

a. Thermal overload release device. . . . 

b. Thermal relay. 

e. Magnetic release device. ... 

d. Magnetic relay. 

e. Combined thermal and magnetic 

release. 

/. Induction relays. 

Manual switches actuated by thermal 

releases. 

Magnetic switches actuated by: 

a. Thermal relays. 

b. Magnetic relays. 


Circuits by special permission 
Circuits and apparatus 
Circuits and apparatus 
Circuits and apparatus 
Circuits and apparatus 
Motors 

Circuits 

Circuits 

Circuits and apparatus 
Circuits and apparatus 

Circuits and apparatus 
Circuits and apparatus 

M otors 

M otors 
Motors 


With fuses and thermal cutouts the circuit is opened, in case of over¬ 
load, inside the device itself. These two overload protective devices must 
be capable, therefore, of interrupting the line current and of extinguishing 
the arc that is thus formed. Kelavs or overload release devices them¬ 
selves do not interrupt the line current of the circuit which they are pro¬ 
tecting. An overload release device, when operated by a current greater 
than that for which it is set, trips the holding catch of the switch mecha¬ 
nism and thus allows the switch mechanism to open. The current is 
interrupted by the switch mechanism and not by the overload release 
device. An overload relay instead of acting directly upon the holding 
catch of the switch mechanism opens an auxiliary circuit. This auxiliary 
circuit may be the operating coil of a magnetic switch or the shunt trip 
coil of a circuit breaker. As with the overload release devices, the relay 
does not interrupt the main-line current itself. The main circuit is 
opened by the contacts of the switch mechanism. 

45. Fj ffes and circuit breakers are used for the overload protection of 
both circuits’and apparatus. Thermal cutouts, Ihermal overload release 
devices, and thermal relays are used for the protection of motors against 
overloads. They should not be used for the protection of circuits unless 
they are specifically designed and approved for that purpose. Thermal 
overload protective devices have admirable characteristics for the protec¬ 
tion of motors against overloads, but they should not be relied upon for 
protection against short circuits unless they are specifically designed and 
approved for that purpose. Unless so designed in the case of a short 
circuit there is danger of the excessive current destroying the thermal 
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element before it has actuated the switch mechanism, with the consequent 
failure of opening the circuit. Circuit breakers actuated by thermal 
overload release devices and designed for protection against short circuit 
have been developed and are widely used for the protection of circuits of 
small and medium current-carrying capacity. When thermal overload 
protective devices are employed for the protection of motors, fuses of the 
proper rating or circuit breakers with the proper setting should always 
be located at some point back in the line ahead of the thermal protective 
device. 

46. Open link fuses (Fig. 70) consist of a wire or strip of easily melted 
material of such dimensions that it will melt at a definite rated current. 

Link fuses are rated at 80 per cent of the maximum 
current that they will carry indefinitely. This allows 
for a 25 per cent overload of the fuse rating before the 
fuse will melt. The ends of the fuse wire or strip 
are fastened to copper terminals for convenience in 
connection in the circuit. Open link fuses have the 
disadvantage of disrupting violently, when a short 
fustTlink coppei circuit occurs, and may burn a person that is near. 

They blacken the panel that supports them. They 
are permitted by the Underwriters only when special permission is 
obtained, and when mounted on approved slate, marble, or composition 
bases. They are allowed by the National Klcctrical Code only in sizes 
rated at more than 600 amp. Except on switchboards they must be 
enclosed in iron or composition boxes or cabinets. When link fuses are 
employed, they must be so mounted that the clearance distances will not 
be less than the minimum values given in Table 47. 


f~ ^ O' 'I 



47. Minimum Clearance Distances in Inches for Mounting Link Fuses 

Separation of metal 


Voltage 

Current 

parts of 

Minimum 

Clearance between 
live parts and any 

rating 

rating 

Opposite 

Like 

distance 

metal of enclosing 
cabinet 



polarity 

polarity 



125 

600-1,500 

1M 

W 

U 2 

2 

125-250 

600-1,500 

2 H 


2 

2 


48. Copper link fuses stamped from sheet copper are used for the 
protection of underground and aerial circuits. They have the disad¬ 
vantage of becoming very hot before they rupture. At 75 per cent of their 
fusing capacities they often become so hot as to heat terminals or switches 
to which they are connected to undesirably high temperatures. Copper 
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fuses should always be enclosed in iron boxes. The General Electric Co. 
marks its copper fuses with the current that they will carry without undue 
heating and recommends them for the protection of underground circuits 
against dead short circuits only. Many thousands are in use in this 
service and for it give excellent satisfaction. 


49. Diameters of Wires of Various Materials That Will Be Fused by a 
Current of a Given Strength 

(Knox, “Electric Light Wiring'derived from tables of W. H. Preece) 



Copper 

Aluminum 

German silvei 

| Iron 

Cur- 









Diam., 

in. 

Nearest 
B. & S. 

gap* 1 

Diam., 

in. 

Nearest 
B. & S. 

gage 

Diam., 

in. 

Nearest 
B. & S. 

gage 

Diam., 

in. 

Nearest 
B. & S. 
gage 

rent, 

amp. 

1 

0.0021 

43 

0.002G 

41 

0.0033 

39 

0.0047 

37 

'2 

0.0034 

39 

0.0041 

38 

0.0053 

35 

0.0074 

33 

3 

0.0044 

37 

0.0054 

35 

0.0069 

33 

0.0097 

30 

4 

0.0053 

35 

0.0065 

34 

0.0084 

31 

0.0117 

29 

5 

0.0002 

34 

0.0076 

32 

0.0097 

30 

0.0136 

27 

10 

0 0098 

30 

0.0120 

28 

0.0154 

26 

0.0216 

24 

15 

0.0129 

28 

0.0158 

26 

0.0202 

24 

0.0283 

21 

20 

0.0150 

26 

0.0191 

24 

0.0245 

22 

0.0343 

19 

25 

0.0181 

25 

0.0222 

23 

0.0284 

21 

0.0398 

18 

30 

0 0205 

24 

0.0250 

22 

0.0320 

20 

0.0450 

17 

35 

0.0227 

23 

0.0277 

21 

0.0356 

19 

0.0498 

16 

40 

0.0248 

22 

0.0303 

20 

0.0388 

18 

0.0545 

15 

45 

0.0208 

21 

0 0328 

20 

0.0420 

18 

0.0589 

15 

50 

0.0288 

21 

0.0352 

19 

0.0450 

17 

0.0632 

14 

GO 

0.0325 

20 

0.0397 

18 

0.0509 

16 

0.0714 

13 

70 

0.0300 

19 

0.0440 

17 

0.0564 

15 

0.0791 

12 

80 

0.0394 

18 

0.0481 

16 

0.0616 

14 

0.0864 

12 

90 

0.0420 

18 

0.0520 

16 

0.0667 

14 

0.0935 

11 

100 

0.0457 

17 

0.0558 

15 

0.0715 

13 

0.1003 

10 

120 

0.0510 

10 

0.0630 

14 

0.0808 

12 

0.1133 

9 

140 

0.0572 

15 

0.0698 

14 

0.0895 

11 

0.1255 

8 

160 

0.0G25 

14 

0.0763 

13 

0.0978 

10 

0.1372 

7 

180 

0.0676 

14 

0.0826 

12 

0.1058 

10 

0.1484 

7 

200 

0.0725 

13 

0.0886 

11 

0.1135 

9 

0.1592 

6 

225 

0.0784 

12 

0.0958 

10 

0.1228 

8 

0.1722 

5 

250 

0.0841 

12 

0.1028 

10 

0.1317 

8 

0.1848 

5 

275 

0.0897 

11 

0.1095 

9 

0.1404 

7 

0.1969 

4 

300 

0.0950 

11 

0.1161 

9 

0.1487 

7 

0.2086 

4 




60. Dimensions of National Electrical Code Standard Enclosed Fuses 
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topperferrute Terminal 
foddered piling / 


51. A nonrenewable cartridge or enclosed fuse consists of a tube of 
vulcanized fiber, paper, or some similar material (Fig. 72) within which 
the fuse is mounted. The fuse terminals are connected to contact pieces 
at the ends of the tube. An insulating, porous powder resembling chalk 
surrounds the fuse and fills or 
nearly fills the tube. When the 
fuse blows, the powdered material 
disrupts the arc. Sometimes the 
fuse is sun winded by a small air 
chamber as shown in the illustra¬ 
tion The formation of an arc is 
prevented in a cartridge fuse; 
therefore fuses of this type are 
more reliable than those of any 
dimensions. 

52. Renewable enclosed cartridge fuses (Figs. 73 and 74) of most 
makes have the approval of the Underwriters’ Laboratories, which 

Fiber Tube Removable Screw Cap - 



fuze Wire fibre Tube I Air Cham her 
Fig. 72. —Cartndge-type enclosed non- 
renewable fuse. 

other. See Table 50 for standard 



^ Knife Blade Contact * Renewable Link 
Fig. 73 —“Economy” 101- to 200-amp., knife-blade-contact renewable fuse. 

institution has issued standard specifications for their construction and 
testing Hence, they may be installed in all localities where the National 
Electrical Code is effective. In renewable fuses the renewable link (Fig. 

74 and L in the other illustrations) can 
be readily replaced when blown, inas¬ 
much as the fuses can be taken apart 
easily with the hands and a screw 
driver for the insertion of a new link. 
Thereby, the fuse expense, m services 
wherein many fuses are blown, is 
greatly minimized. The renewable 
fuses are made, according to capacity, 
in both the ferrule-contact (Fig. 74) 
and in the knife-blade-contact (Fig. 
73) forms. Their external appear¬ 
ances and over-all dimensions are the 
same as for the non-renewable fuses 
which are shown in Table 50. The laboratory tests to which renewable 
fuses are subjected by the Underwriters’ Laboratories and which the 



i y 


R Lmk ahh \ ' assembly 

T O'Expulsion Link \ 
"Rating In \ 

Amperes Screw Driver Slots 

Fig. 74.—“Economy” 0- to 
30-amp. ferrule-contact renew¬ 
able fuse. 
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fuses must satisfy before approval is accorded are practically the same as 
those for the corresponding nonrefillable fuses. 

53. The ratings of National Electrical Code standard fuses are specified 
by the Underwriters’ Laboratories in its publication “Underwriters’ 
Laboratories Cartridge Enclosed Fuse Standard.” The fuses should be 
so designed and constructed that they will carry indefinitely at an average 
room temperature of 75°F. (24°C.) a current 10 per cent greater and 
open the circuit at a current 25 per cent greater than the fuse rating. At 
a current 50 per cent greater than the fuse rating, the fuse, starting cold, 
must open the circuit, without throwing out melted metal or sufficient 
flame to ignite easily inflammable material, within the following specified 
times: 30 amp. or less, 30 sec.; 31 to 60 amp., 1 min.; 61 to 100 amp., 2 min.; 
101 to 200 amp., 4 min.; 201 to 400 amp., 8 min.; 401 to 600 amp., 10 min. 

54. Edison screw-base plug fuses (Fig. 75) consist of a wire or strip of 
fusible alloy mounted in a porcelain container. The container is fitted 



Fig. 75.—Edison plug fuse. Fig. 76.—Tamper-resisting fuse. 

{General Electric Co.) 

with a screw base corresponding with the standard medium lamp-base 
dimensions and threads. The top of the porcelain container is covered 
with a mica disk so as to make the fuse link visible. Plug fuses should be 
used only on 125-volt circuits or on three-wire circuits with grounded 
neutral, if the voltage between any wire and ground is not greater than 
125 volts. The standard sizes of plug fuses are 3, 6,10, 12, 15, 20, 25, and 
30 amp. Fuses of 15-amp. capacity or less are provided with a hexagonal 
mica window and those of greater capacity with a round window. 

After Nov. 1, 1941, the National Electrical Code requires all plug 
fuses and Edison screw-base plug-fuse casings (Sec. 55) to be of the 
tamper-resisting type. The tamper-resisting characteristics are gener¬ 
ally obtained by means of a special fuse construction and an adapter. A 
fuse and adapter of this type are shown in Fig. 76. The fuse may be used 
without the adapter in any standard Edison plug-fuse cutout or fuse 
holder. It then functions as an ordinary fuse without the tamper-resist¬ 
ing characteristics. For use as a tamper-resisting fuse the adapter is 
screwed on the base of the fuse and the two screwed as a unit into any 
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standard Edison plug-fuse cutout or fuse holder. When the fuse is 
removed, the adapter remains secured in the cutout ready to receive the 
same or a new fuse. When the adapter is once inserted in the cutout, it 
prevents the use of an ordinary plug fuse. The Code rules require that 
the construction of fuses, fuse holder, and adapters be such that those of 
0- to 15-amp. rating differ from those of 16- to 30-amp. rating so that fuses 
of the one group cannot be used interchangeably with those of the other 
group and so that the combination will be subject to tampering or bridg¬ 
ing only with difficulty. 



Iferrule No Fuse Elevation Fuse in . ■ ■ -• * 

Fuse H Fuse Plug Casing in Edison Plug Cut-Out 

Fig. 77. —Edison plug cutout and Edison fuse plug casing. 



Fig. 78.—Time- 
lag fuse with Edison 
sci ew base. Buss 
fusetron of the Buss- 
mann Manufactui- 
ing Co. 



I-Fuse II-Adapter 


Fig. 79.—Time-lag fuse 
with tamperproof screw 
base. Buss fustat of the 
Bussmann Manufacturing 
Co. 


55. The use of an Edison screw-base plug-fuse casing with cartridge 
fuses is often advantageous. The construction and assembly of such 
a combination is shown in Fig. 77. Cartridge fuses installed with these 
plug casings are easy to remove. 

56. Time-lag fuses are so constructed that they give a much greater 
time delay in the blowing of the fuse than do ordinary fuses. They are 
made in nonrenewable and renewable types. The nonrenewable type is 
available in the regular Edison screw-base type up to 30 amp. (Fig. 78), 
in tamperproof screw base up to 30 amp. (Fig. 79), and in the cartridge 
type up to 600 amp. The renewable types are available in sizes from 30 
to 600 amp. The regular Edison screw-base type and the tamperproof- 
base type are identical except for the construction of the base. The 
tamperproof-base type screws into an adapter. The complete assembly 
is then screwed into a regular Edison plug-fuse receptacle. Adapters are 
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made in sizes of 15, 20, and 30 amp. The 15-amp. adapter will take any 
size fuse up to 15 amp. The 20-amp. adapter will take only a 20-amp. 
fuse, and the 30-amp. adapter will accommodate a 20, 25, or 30-amp. fuse. 

The nonrenewable time-lag fuses consist of a fuse link to which a 
thermal cutout is added. The internal construction of the screw-base 
type is shown in Fig. 80. An overload causes the thermal cutout to heat 
up, and, if continued long enough, the solder in the thermal cutout softens 
and permits the spring to pull out the end of the fuse link, thus opening 
the circuit. Because it takes some time to melt solder, even with a 
heavy current, the thermal cutout cannot open quickly, and the fuse link 
is heavy enough so it will not open quickly on motor-starting currents. 


Hence the time-lag fuse will not open 
on motor-starting currents that last 
only a short while. When a short 
circuit or an overload as high as 500 




Fig. 80.—Construction of Pig. SI. — Time-lag futnc foi piotcc- 


tunc-lag fuse of sciew base tion of small motois. (Bussmann 

type. (Bussmann Manufac- Manufacturing Co.) 

luring Co.) 


per cent occurs, the fuse link opens m exactly the same manner as an 
ordinary fuse. 

A time-lag fuse designed especially for the protection of small motors is 
shown in Fig. 81. It is intended to be mounted directly on the motor. 
When the receptacle is properly installed, the heat from the motor wind¬ 
ings is conducted to the thermal cutout in the time-lag fuse at point 1. 
Should the windings reach a prohibitive temperature, with just a normal 
amount of current flowing, the time-lag fuse will open at point 1, and the 
motor will be shut down. The opening of the time-lag fuse under these 
conditions is primarilv due to the heat of the motor windings, rather than 
to the current flowing through the fuse. Thus the motor is automaticallv 
protected against an excessive rise of the ambient temperature or failure 
of air circulation or any other condition causing excessive heating of the 
motor without a corresponding rise in the flow of current. If on the other 
hand the flow of current is so high that the insulation in the motor will be 
injured or destroyed before the mass of the motor is heated sufficiently to 
operate the time-lag fuse as mentioned above, the thermal cutout is 
heated by the excessive flow of current through the heat coil and opens at 
jwiint 2. The flow of current is stopped no matter how cold the exterior of 
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the motor may be. If the motor does not properly come up to speed, 
owing to low voltage, tight belt, dry bearings, or any other cause, the 
time-lag fuse will open at point 1 or 2. If the motor should be stalled, the 
excessive flow of current would caus,e the time-lag fuse to open at point 2. 
If a short or ground should occur, the excessive current would cause the 
fuse to open in the fuse link, point 3. 

57. Receptacles for mounting time-lag fuses on small motors are made 
in four types as shown in Fig. 82. 

The Type B receptacle is for external mounting and has the heat pin 
recessed 1 n in. within the receptacle. It should be used on split-phase and 
capacitor motors which have no air duct between the frame and the field 
laminations, and on totally enclosed motors. In such motors the heat of 
the windings is readily transmitted through the motor iron to the bottom 
of the time-lag fuse 



Type B Type C Type D Type E 

Receptacle Receptacle Receptacle Receptacle 

Fjo. 82. Receptacles foi mounting fustats on motoih. (Bussmann Manu¬ 
facturing Co.) 

The external Type C receptacle should be used on split-phase and 
capacitor motors which have an air duct between the frame and the field 
laminations, and on all repulsion induction motors. In such motors it is 
important to get as much of the winding heat to the time-lag fuse as 
possible. Therefore it has a protruding heat pin, which can be of any 
length and positioned near the windings so that their heat can be readily 
conducted to the fuse. 

The Type D and Type E receptacles are for internal mounting. The 
Type D receptacle has the heat pin recessed 1 8 in., and Type E is fur 
nished with a protruding heat pin of any desired length. 

These two types of receptacles can be used on any motor. Which type 
to use will depend on the physical construction of the motor. For exam¬ 
ple, on some motors there would not be available space to use a receptacle 
with a protruding pin, such as Type E. On the other hand, when the 
internal receptacle is to be mounted on a large repulsion induction motor, 
it might be desirable to use a receptacle with a long heat pin to get as near 
the commutator as possible. 

58. Methods of mounting the different types of receptacles on small 
motors are described below and illustrated in Fig. 83. Each receptacle is 
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furnished with two No. 6 drivescrews for mounting. Holes for these 
should be made with a No. 31 drill (0.120 in.). Just drill a hole at least 
H in. deep, insert the screws, and drive them in with a hammer. Each 
receptacle is furnished with two 9-in. leads. Connect the receptacle on 
one side of the line in series with the motor so that unscrewing the fuse 
shuts off the motor. 

Type B Receptacle Mounting. —The Type B receptacle should be 
mounted on the laminations or on the frame of the motor but not on the 
end plates. A hole for the leads must be provided. It must be at least 

6 in- an d may be as large as in.—the larger the better. 


Type C Receptacle. No. 10 Mounting. —The Type C receptacle can 
be mounted on the frame of the motor but not on the end plates. It must 

Hole for Hole for 



Fig. 83.—Methods of mounting receptacles on small motors for protection 
with time-lag fuses. 

be mounted on the air-exhaust end of the motor. Full protection will 
not be obtained if mounted on the air-intake end of the motor. 

The hole for the protruding pin must be M in. minimum and may be 
as large as 1 in. This hole should open directly into the air space above 
the windings. 

The pin is electrically “alive’’ and must be kept at least % in. from the 
windings or the iron. If the pin is too long for the particular motor to 
which it is being attached, leave the fuse screwed tightly in the receptacle 
and cut the pin off to the desired length. 

If the hole for the pin is less than 1 in. in diameter, it is necessary to 
provide another hole for the leads, at least 6 in. in diameter. 

Type C Receptacle. No. 11 Mounting. —On some types of motors, 
where the thickness of stator iron and the outside iron are quite consider¬ 
able, it has been found that the opening time of the time-lag fuse may be 
delayed enough to permit the motor temperature to rise over the safety 
point. In such cases, a paper or fiber tube with ^ in. inside diameter, 
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dropped into the pin hole, causes the fuse to operate at a lower motor 
temperature. 

On highly ventilated motors, with fuse mounted over the field lamina¬ 
tions, it is absolutely necessary to have a hole to a depth about Pis in- 
from the wire slot and to have the pin projecting into this hole but not 
closer to the bottom than H in. It is also necessary to insulate the pin 
with a fiber or paper tube {}% in. inside diameter) to prevent the air 
drawn through the motor from cooling the pin to such an extent as to 
prevent opening of the fuse when prohibitive temperature has been 
reached. 

Note. This mounting should never be used on repulsion induction 
motors of } 3 hp. or larger. 

Type C Receptacle. No. 12 Mounting. —This mounting can be 
used instead of No. 10 or No. 11 when it is not desirable to drill the field 
laminations. This type mounting can also be used on all repulsion 
induction motors. The receptacle must be put on the air-exhaust end of 
the motor. Good protection will not be obtained if the mounting is 
made on the air-intake end of a motor. 

The hole for the heat pin should be made as large as possible. Obvi¬ 
ously, Jde in. is as small as it can be to meet the electrical requirements, 
but to ensure good conduction of heat to bottom of the receptacle this 
hole should be as large as possible. > 

Type C Receptycle. No. 13 Mounting. —An alternate for No. 12 
mounting, this method is very often desirable on vertical motors, as well 
as other motors where only the end bell is available for mounting. 

This type of mounting must be put on the air-exhaust end of the motor, 
and the hole for the heat pin should be as large as possible. 

Type D or E Receptacle. No. 20 Mounting. —The simplest form of 
mounting the internal receptacle is shown in the drawing. All that is 
required is a l^-in. hole, which can be either drilled or cast in the end bell. 

This type of mounting must be on the air-exhaust end of the motor. 

Type D or E Receptacle. No. 21 Mounting. —Where sufficient 
space is not available to use the No. 20 mounting, a slight change in the 
end-bell casting can be made, as shown. 

This type of mounting must also be on the air-exhaust end of the motor. 

Fastening Type D or E Receptacle. —The easiest method of 
fastening the Type D or E receptacle is illustrated. The receptacle is 
inserted in the hole and held in place by a flat metal strap secured to the 
end bell by two screws. 

69. The internal construction of a cartridge time-lag fuse of the non- 
renewable type is shown in Fig. 84. It consists of a copper heat coil A at 
one end, a heavy copper center strap B, and a copper fuse link C at the 
other end. Parts A and B are called the thermal-cutout portion of the 
fuse. They handle light overloads up to 500 per cent of the fuse rating. 
The fuse link handles heavy overloads in excess of 500 per cent of the fuse 
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rating. The center copper strap B is held in position by means of a 
soldered connection to a spring. Light overloads will not blow the fuse 
link but will open the circuit through the action of the thermal-cutout 
parts. The heat coil A is heated by these light overloads causing heat to 
flow into the heavy copper strap B. When B is heated up to the melting 
point of the solder, the spring is released and the thermal-cutout portion 
opens. The heat coil and center strap are quite heavy so that it takes 
considerable time to raise the temperature of the strap sufficiently to melt 
the solder. This feature together with the time required to melt the 


A ,B C 



Fig. 84.— Nonrenewable time-lag r*aifudge fuse. Fusetion of the Biisamarm 
Manufacturing Co. 

solder gives the fuse its time-lag characteristics. On heavy overloads the 
fuse link blows immediately before the thermal-cutout portion has time 
to function. 

60. Super-time-lag fuses of the renewable type obtain their time-lag 
characteristic through a special link construction (Fig. 85). In the super- 
lag fuse, heavy lag plates are attached to the center of the link. The 
principal blowing parts of the fuse are near the terminals. The heavy 
lag plates keep the center of the link relatively cool. An extra reduced 
section is provided in the center of these lag plates so that they do not 
increase the current-carrying capacity of the link too much. As a 



Fit,. S5.—Cutaway view of time-lag fuse of the renewable type. Super-lag 
fuse of the Bussmann Manufacturing Co. 

result the lag plates serve only to help the terminals conduct away and 
temporarily store some of the heat generated in the weak spots so that it 
takes a longer time to got the weak spots heated sufficiently to blow. 
Thus a time lag is obtained far in excess of other types of fuses. 

On light overloads the center weak spot of the super-lag link will 
sometimes burn out. This is because the rise in temperature of the entire 
strip is so gradual that the heavy metal terminals of the fuse can conduct 
the heat away from the end weak spots fast enough to keep them rela¬ 
tively cool. Whether or not the two end weak spots or the center weak 
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spot of the buss super-lag fuse blows first, it makes no difference in regard 
to the superior time lag that is obtained through the use of the lag plates. 

When a short circuit occurs, the two end weak spots melt instantane¬ 
ously and because of 
the well-known fact 
that two arcs in series , 


cannot maintain them¬ 
selves as long as a single 
arc on the same volt¬ 
age, much less metal is 
vaporized. 

The thick lag plates 
also serve to reduce the 
amount of metal va¬ 
porized. First, their 
cooling effect at ordi¬ 
nary overloads makes it 
possible to reduce the 
amount ol metal in the 



l. Cutaway mow of assem- II. Fuse link of 
bly cutout 

Fu». 85A.—D. & W. oil fuse cutout, (i General 
EUctnc Co.) 


weak spots. Second, the thick lag plates in the center of the link serve 
to keep coolei the entne mass ol metal in the cemei, and therefore the 



Contact Cap i 

Ring Refill Spring 


I. B \ “ De-ion” fuse. Disassembled view 



II. Cioss-section view of BA “ De-ion ” power-fuse refill showing construction 

details 


Fig. 855.—High-voltage power fuse of the boric acid type. (W estinghousc 
Electric & Manufacturing Co.) 


arc that follows the short circuit cannot as readily melt this center 
section. As a consequence of this, less metal is vaporized on short-cir- 
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cuit blows than on any other typo of fuse. This means that less pres¬ 
sure is created in the fuse, and therefore the danger of a fuse rupturing 
or exploding or belching fire on short circuits is considerably less than 

on any other fuse. 

60A. High-voltage Fuses.—Fuses 
for circuits having a voltage greater 
than 600 are specially constructed 
so that they will be safe for the 
interruption of current under these 
voltages. Two types for protection 
of power circuits are shown in Figs. 
85A and 85 B. The fuse of Fig. 
85A is of the oil-fuse cutout type. 
The fuse link shown at II has a 
section of fusible alloy at the bot¬ 
tom. The entire link except the 
top laminated-metal terminals is 
enclosed in flat tubing of insulating 
Fig. 85 C .—Fuse foi high-voltage material. The link is mounted in 
potential transformer. (Westing- casl and immersed in oiL The 
house Electric cfe Manufacturing Co.) x . 

fuse of Fig. 8 5B consists of a tube 

lined with boric acid, which provides a source of deionization for 
extinguishing the arc. A high-voltage fuse for protecting a potential 
transformer is shown in Fig. 85C. 

‘Porcelain Shell 


i \ n el 


I L |t..n| e | 




Div. 4] GENERAL EQUIPMENT AND BATTERIES 417 

The base E has a left-hand thread making it impossible to substitute 
this for a regular fuse plug. It will fit a cutout (see Fig. 77) which has a 
screw shell with a left-hand thread. The plug is designed especially for 
the protection of motors against excessive overloads such as (1) motors 
called upon to drive too heavy overloads, (2) motors stalled when attempt 
is made to start them, and (3) polyphase motors running single-phase. 
The plugs are manufactured in various capacities for the protection of 
motors up to 3 hp., 110 volts; 5 hp., 220 volts; or 7}4 hp., 440 and 550 
volts. 

Explanation. —The motor current flows through the heating coil A. The tempera¬ 
ture of this coil increases quickly with heavy over loads but slowly with light overloads. 
The heat from this coil, if it is raised to a sufficiently high temperature by the continued 
flowing of the oveiload curient, melts the fusible link B. This permits the spring con¬ 
tact C to fly to the position D. Thereby the motor M is disconnected from the circuit 
before it can be damaged by overheating. The General Electric Co. manufactures a 
specially designed enclosed switch S (Fig. 87), in which the plugs P are inserted, which 
is adapted for the starting of small motois. 

62. A circuit breaker is a switching device which is designed,,to open a 
current-carrying circuit under abnormal current conditions without injury 
to itself. It is adjusted to interrupt the current upon the occurrence 
of an overload of definite amount. It must be capable of interrupting 
short-circuit currents. The distinction between circuit breakers and 
switches is in their current-interrupting abilities. A switch is not 
designed for the interruption of short-circuit currents, while a circuit 
breaker is. 

The actuation of a circuit breaker upon the occurrence of an overload 
may be performed by means of thermal releases or relays, magnetic releases 
or relays, combination thermal and magnetic releases, or induction relays. 
The thermal devices will have inverse-time characteristics. The mag¬ 
netic and induction devices mav be designed for instantaneous-, inverse-, 
or definite-time action. Release devices are generally employed for 
manually operated breakers, and relays for electrically operated ones. 

The terms primary and secondary or auxiliary circuit breakers are 
sometimes employed. So-called secondary or auxiliary circuit breakers 
are in reality not circuit breakers at all, since they are not capable of 
satisfactorily interrupting short-circuit currents. Actually they are 
manual motor-starting switches provided with protection against over¬ 
load by means of thermal overload releases. The only real circuit 
breakers are those classed as primary breakers. 

Circuit breakers are available to meet the requirements of all classes of 
service from a small breaker for 15-amp. branch circuits (Fig. 88) to the 
very large units for controlling large amounts of power. Those used for 
the protection of branch circuits must be so designed that it is difficult to 
alter the setting of the current trip point or to change the time required 
for the operation of the breaker. They may be of the air-break type 
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(Figs. 88, 89, and 91), or of the oil-immersed type (Fig. 90). The air 
circuit breakers may be of open construction for switchboard mounting 
(Fig. 89) or of the safety enclosed type for either panel-board mounting 



l-Thermal breaker for 
mounting in outlet box 
or conduit fitting 
(General Electric Co) 


H-Magnetic breaker for 
mounting in outlet box 
or conduit fitting 
(Heinemomn Elec Co) 


HI-Thermal breaker 
for panelboard 
mounting 

(Westinghouse Elec *Mfcj Co) 


Fig. 88.—Small cncuit bieakeis for branch cncuits. 



Fio. 89.—Magnetic air circuit bleaker for switchboard mounting (I-T-E 
Circuit Breaker Co ) 

(Figs. 88, III; 89; and 91, IV) or individual mounting (Figs 88,1 and II; 
and 91, I, II, III, and V). 

63. Magnetic switches provided with overload protection by means of 
thermal or magnetic relays are commonly used for the overload protec¬ 
tion of motors. These switches are discussed in Div. 5. 
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I Switchhoaid mounting tvpe II Industrial type 

Fio 90—Oil cncuit breakers (W estinghoubt Electric dr Manvfactitnng Co) 



I. Small-capacity 
magnetic breakei 
(Heinunann Electric 
(o) 



II. Small-capac- 
lty thermal breakei 
(I-T-E ( ircuit 
Breakei Co) 


I • 

i 

III Medium-capacity 
thermal bieakei (1-T-E 
( iicuit Bleaker Co ) 



IB' 


i! 


IV Medium-capacity 
thermal breaker foi panel 
mounting {I-T-E Circuit 
Breaker Co.) 


L-& 


V Large- or med¬ 
ium-capacity magnetic 
breaker ( I-T-E Circuit 
Breaker Co.) 


Fiq. 91.—Safety enclosed air circuit breakers. 
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63A. Manual switches provided with overload protection by means of 
thermal releases arc commonly used for the combined purpose of motor 
starters and motor overload protection. They are discussed in Div. 5. 

64. Thermal relays are made in several different forms, depending 
upon the ideas of the manufacturer. They provide inverse-time overload 
protection. The greater the overload, the shorter the length of time 
required for the relay to function. One type of thermal overload relay, 
manufactured by the Trumbull Electric Manufacturing Co., is shown in 
Fig. 92. The outside appearance is somewhat similar to ferrule-contact 
cartridge fuses. It is supported by standard 60-amp. fuse clips. The 
length of the relay is greater than that of standard fuses so that the clips 



**—g 

2.Thermostatic Element Making Contact 
at D (View 1 under Normal Load) 


D-* 


4 


Fig. 


3. Thermostatic Element Breaking Contact at D.(View 0 
under Overload. WhenTrouble is removed Thermostatic 
Element cools off and resets itself as shown in View 2 
92.—Thermal overload relay. (Trvmbull Electric Manufacturing Co.) 


must be spaced farther apart. This prohibits the substituting of the 
relay in place of fuses. The thermostatic element C consists of a strip of 
brass electrically welded to a strip of steel. When heated, the brass 
expands more than the steel and therefore causes the element to curve. 
The main-line current passes from the ferrule contact F , through the heat¬ 
ing clement A, through copper contact block B, and thence to ferrule 
contact G. In case of overload, excess heat in element A is transmitted to 
the thermostatic element C through block B. This heat causes the ther¬ 
mal element C to curve and break the contact at D. The contact D is 
placed in series with an undervoltage release coil or the operating coil of a 
magnetic switch. The thermal relay does not itself interrupt the main 
current. It simply opens an auxiliary circuit which actuates the switch 
mechanism. The asbestos strip E shields the thermal element C from the 
direct heat of element A. The heating of element C by the conduction of 
heat from element A to copper block B gives the relay its proper time lag 
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1 for its inverse-time characteristic. With slight overload it takes consider¬ 
able time for the heat to be transmitted to element C , while with heavy 
overloads it takes only a short time for element C to become heated and 
operate. The relay illustrated is of the self-resetting type. As the 
thermal element cools, it straightens out and returns to the normal posi¬ 
tion. There is nothing to be replaced after the occurrence of an overload. 
These relays are made also in the hand-reset type. They are the same as 
the self-resetting type, except that, after tripping, the thermostatic 
element is held in the curved position until it is released by hand. 


^THERMOSTATIC ELEMENT - 



CONTACT'STRAP 
TRIP OPERATING BAR (C)' 

I. Trumbull Electric Manufacturing Co. 



II. General Electric Co. III. Thermal - inductive. 

j (General Electric Co.) 

Fig. 93.--Overload thermal relays. 


Other thermal relays are shown in Fig. 93. The operation of the 
automatic-reset overload trip shown in Fig. 93, 1, is as follows: On over¬ 
load the heater A becomes excessively hot. The heat is communicated 
to adjacent thermostatic element B, pulling forward the trip operating 
bar C far enough for finger D to press down on contact strap and open 
contacts at E. After overload the heaters automatically reset after a 
reasonable length of time. 

Thermal relays are extensively used in connection with magnetic 
switches for the overload protection of motors. They are not generally 
employed with circuit breakers. 
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64A. Thermal overload release devices operate on the same general 
principle as thermal relays. The essential difference is that the thermal 
element of the release device in expanding acts directly upon the holding 
catch of the switch or circuit breaker, while the relay opens an auxiliary 
circuit which trips the switch. The relays are used on magnetic switches, 
and the release devices on manually operated switches and circuit 
breakers. Overload release devices are shown in Fig. 94. 

65. Magnetic relays and magnetic overload release devices consist of a 
solenoid acting upon an iron plunger or armature (Fig. 95;. The coil of 
the solenoid is connected in series with the circuit to be protected or 
frequently in a-c circuits to the secondary of a current transformer which 




I. Theimal heater II. Thermal oveiload lelease mechanism 

element used in for thei mal bi eaker. (I-T-E Circuit Breaker Co.) 

motor-control 
equipment. ( Trum¬ 
bull Electric Manu¬ 
facturing Co.) 

Fig. 94.—Theimal overload releases. 

nas its primary connected in series with the main circuit. The current at 
which the relay will function can be regulated by adjusting the height of 
the plunger or the position of the movable armature. Instantaneous- 
type relays and overload release devices function instantaneously upon 
the occurrence of an overload of any value of current above that for which 
the device is set. 

By the attachment of an air bellows or an oil dashpot to the pluhger 
the device can be given inverse- or definite-time characteristics. With 
the inverse-time type, the time that an overload must exist, before the 
device functions, is inversely proportional to the severity of the overload. 
A slight overload must continue for a considerable time, before the device 
will function, while a heavy overload will cause the device to function 
almost instantaneously. With the definite-time type, the device does not 
function until the overload has persisted for a certain definite length of 
time, depending upon the setting of the device. The elapsed time 
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between the occurrence of the overload and the functioning of the device 
does not depend upon the severity of the overload. The essential dif¬ 
ference between a magnetic relay and a magnetic overload release device 
is the same as for thermal relays and thermal overload release devices. 
The overload release device acts directly upon the catch of the switch 
mechanism, while a relay acts upon an auxiliary circuit which in turn 
trips the switch mechanism. 

Magnetic relays are used in conjunction with circuit breakers, and 
magnetic switches for overload protection. Magnetic overload release 
devices are employed in conjunction with circuit breakers only. 

66. Induction-type overload relays are seldom used for ordinary interior 
wiring work. They are widely used by central-station companies for 


Pane/ 

Segment 
washer'' 

Per fora ted disc 

\ 


Stationary contact 
\ r „,Moving contact 

-Insulating support 
-Contact arm 

^Contact arm spring 
..Shunt re-set coil 
(not furnished with 
\hand reset relay) 
.Reset tever 
Re' set spring 
Operating coil 
Plunger 
Spring toch 
Dashpot 



Tripping tever ; 
Handle tever \ 
trigger \ 

Coverp/ate s \ 
trigger \ \ 

Handle * \' 

Handle x 
stop 
Handle 
button 
Trip coil- 
Cover plate- 
Moving core 


-PaneI 
Mounting 
bolt 



Relay H-Release applied to 

circuit breaker 

Fig. 95.— Magnetic overload relay and release. (Westinghouse Electric 
Manufacturing Co.) 


protection of circuits and apparatus. A detailed discussion of these relays 
is outside the scope of this book. Induction relays operate upon the 
general principle of induction motors and, therefore, are applicable only 
to a-c systems. They may be obtained with instantaneous-, inverse-, or 
definite-time characteristics. 

67. Comparison of the Time Characteristics of Overload Protective 
Devices. —Typical time-current characteristics of the different overload 
protective devices are illustraled in Fig. 95 A. The curve shown for 
thermal and magnetic devices is typical. All such devices will have a 
characteristic of the form shown, although different devices, depending 
upon design, will vary from that shown in time of opening of circuit for the 
various overloads. Time-lag fuses have characteristics similar to that 
shown for the thermal and magnetic devices. The curve labeled “fuse” 
is for the regular type of fuse, not for time-lag ones. It will be noticed 
that fuses of the regular type have a considerable time-delay character¬ 
istic. They will not blow immediately on an overload unless the over¬ 
load is approximately 200 per cent or greater than the rating of the fuse. 
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Fuses will carry indefinitely a current of 110 per cent of their rating. The 
inverse-time overload protective devices of the thermal, magnetic, and 
time-lag fuse types have a greater time-delay characteristic than regular 
fuses and will, therefore, allow much greater overloads for a short period 
without interrupting the circuit. These inverse-time characteristics make 
these overload protective devices ideal for the overload protection of 
motors. They will allow the heavy starting current to pass but will 
protect the motor against sustained overloads that would be harmful to it. 
They will also permit the motor to operate with intermittent peak over¬ 
loads of short duration. If fuses are used for the overload protection of 
* induction motors, the fuses must 


be shorted during the starting 
period, for a fuse of proper rating 
to protect the motor would not 
allow the starting current to pass. 
Although fuses will permit a motor 
to operate with moderate inter¬ 
mittent peak overloads, they are 
not nearly so flexible in this respect 
as the thermal and magnetic pro- 
0 100 ZOO 300 400 500 600 700 tective devices. Devices with the 

Per Cent Rated Current inverse-time characteristic arc also 

Fig. 95 A. Time-current character- advantageous for protection of cir- 
istics of overload protective devices. ^ since they wiU prevcnt inter - 

ruption of the circuit due to short overloads, which, although of high 
magnitude, would be harmless to the circuit. 

68. Protection other than overload protection can be provided by 
means of release devices or relays employed in connection with circuit 
breakers or magnetic switches. 

Undervoltage protection may be provided by means of relays or releases 
actuating hand-operated circuit breakers, or magnetic switches. On 
magnetic switches, undervoltage protection is generally provided through 
the operating coil of the switch. When the voltage drops below a certain 
value, the current of the operating coil is so reduced that it will no longer 
hold the switch in the closed position. 

Underload, overvoltage, or reverse-current, power, or phase-rotation 
protection can be provided by means of relays employed in connection 
with circuit breakers or magnetic switches. 

69. Lightning Protection. —High voltages may be electrostatically 
induced in outdoor electric lines during lightning storms. These voltages 


produce traveling surges of high voltage which travel along the lines and 
into electrical equipment, whether it be located outdoors or inside build¬ 
ings. The high induced voltages would puncture the insulation of equip¬ 
ment and be dangerous to life. Lightning arresters are used to limit these 
voltages to a safe value and provide a path to ground for the dissipation 
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of the energy of the surge. In order to provide this protection satis¬ 
factorily, lightning arresters must fulfill the following functions: 

1. They must not allow the passage of current to ground so long as the 
voltage is normal. 

2. When the voltage rises to a definite amount above normal they must 
provide a path to ground for dissipation of the surge energy without fur¬ 
ther rise in voltage of the circuit. 

3. As soon as the voltage has been reduced below the setting of the 
arrester, it must stop the flow of current to ground and reseal itself so as 
to insulate the conductor from ground. 

4. They must not be injured by the discharge and must be capa¬ 
ble of automatically repeating their action as frequently as is 
required. 

Lightning arresters should be provided on all overhead systems. For 
the small consumer who purchases his power from a public utility, this 
protection is supplied by the utility on their distribution circuits. For a 
large consumer it may be advantageous to install lightning arresters 
located between the public-utility lines and the consumer’s substation. 
All communication circuits entering a building must be provided with a 
protector which will give protection against abnormal voltage to ground 
caused not only by lightning but by accidental contact between com¬ 
munication circuits and power circuits. This protection is usually 
provided by the communication company which is supplying the service. 
All signal circuits which are run outdoors for any part of their length 
or which are installed so that there is any possibility of accidental contact 
between the signal circuit and power conductors must be provided with 
a protector. 

Radio equipment is required by the National Electrical Code to be 
protected against lightning as follows: 

Receiving Stations. —Each conductor of a leadin from an outdoor 
antenna shall be provided with a lightning arrester approved for the pur¬ 
pose, except where the leadin conductors from antenna to entrance to 
building are protected by a continuous metallic shield which is perma¬ 
nently and effectively grounded. Lightning arresters shall be located 
outside the building, or inside the building between the point of entrance 
of the leadin and the radio set or transformers, and as near as practicable 
to the entrance of the conductors into the building. The lightning 
arrester shall not be located near combustible material or in a hazardous 
location. 

Transmitting Stations. —Except where protected by a continuous 
metallic shield which is permanently and effectively grounded, or where 
the antenna is permanently and effectively grounded, each conductor of a 
leadin for outdoor antenna shall be provided with a lightning arrester or a 
grounding switch or other suitable means which will drain static charges 
from the antenna system. 
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70. Lightning arresters are made in many different forms. A discus¬ 
sion of the construction, application, and installation of the various 



I-CRYSTAL VALVE E-OXIDE FILM TYPE HI- AUTOVALVE TYPE 

(Elec.5ervice Supply Co ) (Gen Elect Co.) (Westincjhouse Elec a Mfq Co) 
Fig. 96.—Lightning arresters of the power type. 




II. Arrester for signal cn- 
cuits. {General Electric C 'o ) 



III. Arrester for signal cir¬ 
cuits. {Electric Service Supplies 
Co.) 


Fio. 97.—Lightning arresters of the low-voltage type. 


types is outside the scope of this book. Typical types for power work are 
illustrated in Fig. 96, and types for signal and communication work in Fig. 


97 . 
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Lightning arresters may be installed indoors or outdoors When 
located indoors they must be located well away from other equipment. 



I. Choke coil and support for outdoor II Circuit diagram showing loca- 
service tion of choke coil 

Ftu. 98 Choke coil for use with lightning arrester (“Electric System 

Handbook ”) 


passageways, and combustible material or parts of the building, and if 
they contain oil they must be enclosed m vaults of (onstruction similar 
to that required for oil-filled transformers (see Div b) If arresters which 



Fig. 99.—Current-limiting reactor, series wound with single insulated cable— 
horizontal axis (“ Electric System Handbook.") 


contam oil are located outdoors, provision must be made to drain away 
any accumulation of oil. This may be done by property constructed 
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ditches and drains, or the oil may be absorbed and danger of spreading 
removed by paving the yard with cinders or other absorbent material to a 
depth of several inches. 

An arrester must not be located in a hazardous location (see Div. 8). 
When lightning arresters are used, an arrester should be installed for each 
ungrounded circuit wire. 

Proper grounding of lightning arresters is of utmost importance. 
Refer to Div. 8 for discussion of grounding rules and practice. 

71. Surge protective equipment is used in connection with lightning 
arresters and in large power systems for limiting the value of short-circuit 
current. They consist of coils of wire connected in series with the circuit 
f6r the purpose of introducing inductance. Those used with lightning 
arresters are called choke coils (Fig. 98). The inductance of the coil tends 
to shunt the high-frequency lightning surge away from the apparatus and 
through the arrester to ground. Those used for limiting short-circuit 
currents are called reactors. A typical construction of a reactor is shown 
in Fig. 99. 

SWITCHBOARDS 

72. A switchboard as defined in the National Electrical Code is a large 
single panel, frame, or assembly of panels, on which arc mounted, on the 
face or back or both, switches, overcurrent and other protective devices, 
busses, and, usually, instruments. Switchboards are generally accessible 
from the rear as well as from the front and are not intended to be installed 
in cabinets. 

73. The types of switchboards that are in common use are as follows: 

1. Live-front vertical panels. 

2. Dead-front boards. 

a. Vertical panels. 

b. Bench or desk. 

c. Pedestal and post. 

d. Combination. 

3. Safety enclosed boards. 

o. Unit or sectional. 

6. Truck or draw-out type. 

Live-front switchboards (Fig. 101) have the current-carrying parts of 
switching equipment mounted on the exposed face or front of the panels. 
They are not as a rule employed in now boards where the voltage exceeds 
600 volts. 

Dead-front switchboards (Fig. 102) are the more modern type and are 
employed for systems of all voltages. With this type no live parts are 
mounted on the front of the board. 

Typical switchboard types are shown in Fig. 100. 

Unit or sectional switchboards (Figs. 103 and 104) are commonly used 
for the control of circuits at distribution centers in industrial plants. 
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They consist of boards built up of unit sections of safety enclosed switches 
or circuit breakers. Each panel is an assembly of formed steel panels 
suitably mounted in an angle-iron framework. 



Fig. 100.—Commonly employed combinations of panel, desk, pedestal, and 
post. (“Electric System Handbook.”) 


Truck- or draw-out-type switchboards (Kip;. 105) consist of a sheet-steel 
enclosure mounted on an angle-iron framework. All apparatus which 
requires attention or in¬ 
spection is mounted on a 
truck or draw-out struc¬ 
ture. The equipment 
for each circuit is 
mounted on either a 
separate truck, which 
can be easily rolled out 
from the rest of the struc¬ 
ture, or a metal structure 
supported on guides so 
that it can easily be slid 
in and out from the en¬ 
closure (Fig. 106). 

The bench, pedestal- 
and-post, and combina¬ 
tion types are used for 
the support of control 
and metering equipment 
for remote-controlled, 
electrically operated cir¬ 
cuit breakers in central 
stations. 

74. Materials employed for the panels of switchboards are slate, mar¬ 
ble, ebony-asbestos, and steel. At one time slate was the material 



Fig. 101.—Live- 
front switchboard 
panel. 


Fig. 102.— Dead-front 
switchboard panel. 















430 


AMERICAN ELECTRICIANS' HANDBOOK [Div. 4 


principally used for switchboard panels, but it has been almost entirely 
replaced by ebony-asbestos for live-front boards and steel for dead-front 
and safety enclosed ones. Marble is used sometimes on live-front boards 
for its higher insulation qualities over slate but more often for its better 
appearance. 

The supporting frame for panels may be of angle iron or pipe. Switch¬ 
board manufacturers carry a very full line of fittings for almost every 



Fig. 103.—Unit-type, safety enclosed switchboard, Trumbull Electric Manu¬ 
facturing Co. Swing-Wa type. 


desired purpose of mounting equipment for both angle and pipe frame¬ 
work construction. 

75. Location of Switchboards. —Switchboards of the safety enclosed 
type may be placed in any nonhazardous location without any restric¬ 
tions. Switchboards with any exposed live parts above 150 volts to 
ground must be located only where they may be under competent super¬ 
vision and accessible only to qualified persons. The rear of a switchboard 
may be made accessible only to qualified persons by a metal grillwork 
enclosure, entrance to which is by means of a locked door. Open switch- 
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boards should be located in a dry location and where they are not in 
proximity to easily ignitable material. A clearance of at least 3 ft. must 

left between the top of an open-type board and a nonfireproof ceiling 
unless an adequate fireproof shield is provided between the board 
and the ceiling. If the equipment or wiring on the back of a board is 
accessible only from the rear of the board, the National Electrical Code 
requires that a clear space of 
at least 18 in. between such 
equipment or wiring and the 
wall tor a single-panel board 
not exceeding 42 in. in width 

1)0 provided, and that a clear „ „ - - t 

space of at least 24 in. be pro- i ' * ■ . 

vided for all other boards. 

\\ hen the space behind the ' 

board is accessible from only j 

one end, the above clearance I j j 

must be increased by 6 in. 

The above clearance of 24 in. 
may be reduced to 18 in. for 
short intervals at building- 
column locations. The space 
back of a panel must be kept 
clear of all foreign material 
and never allowed to be used 
as a storage space. 

76. Foundations for open 
switchboards should be care¬ 
fully installed. The following 
instructions are given by the 
General Electric Co. 

The switchboard should 
stand on a level foundation sill 
made of hardwood or channel 
iron (see Figs. 107, 108, 109, 
and 110). The sill must be 
rigid and heavy enough so that 
the panels will not be thrown 
out of line by settling. Stand¬ 
ard 6-in. channels are best, although hardwood sills 7 by 2 in. may be 
used and are recommended where insulated framework is required. The 
sill should be securely anchored. Drill the channel sill for anchor bolts 
to suit floor construction. 

Figure 111 shows a method of grouting the channels. A small brick 
pier should be built at each end, and sand or plaster piled along the sides of 


I P i 


£ 


% 

% 


Fig. 104 —Unit-type, safety enclosed 
circuit-breaker switchboard. (Trumbull 
Electric Manufacturing Co.) 
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Fig. 105.—Diaw-out type of safety enclosed circuit-breaker switchboard 



Fig 106 —Circuit bieakei partly withdrawn from draw-out type of switch¬ 
board. 
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the channel to prevent the cement from leaking out. The mixture should 
be about 1 part sand to 1 part cement and should flow freely. By pour¬ 
ing it into the piers until the level rises above the top of the channel, a 
head will be produced which will force the cement underneath the channel. 


’/J-13 Bolts 
or lag screws 
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Fig 107 Standaid sill and 
switchboaid sub-base an an ce¬ 
ments 



Dotted position of hanger is used when 
vertical pipe at oil circuit breaker /s 
under tension when closing 
Fig 108—An angement of chan¬ 
nel base, panel sub-base, and panel 
supports, showing preferred and 
alternative locations of lower ver¬ 
tical hanger foi pipe mechanism, 
for lemote-conti oiled oil ciicuit 
breakers. 



Fig. 109. Fig. 110. 

Fig. 109.- Arrangement of channel base when end grill is not used. 

Fig. 110.—Arrangement of channel base when end grill is used. 

Another method of grouting recommended by the Westinghouse Electric 
& Manufacturing Co is shown in Fig 112. 

The tapped holes in the sill should be plugged with wood before pouring 
the cement, or the bolts for the floor flanges should be screwed into the 
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channel temporarily to the maximum depth, in order to prevent the 
cement from filling them and making it difficult to fasten the flanges to 
the channel. 

The grouting should be allowed to set for 24 hr. before mounting the 
panels on the sill. 



Fig. 111.—Method of grouting sill. 



Fig. 112.—Method of grouting sill. After the base 1ms boen pioperlv 
leveled and bolted down, the ends of the channel should be closed as shown 
and then grouted in by pouring the grout through the laige holes provided in 
the channel for this purpose. Note particularly that the corner angles 
should not be removed from the channel-iron base until the grouting has set. 
(W estinghouse Electric <fe Manufacturing Co.) 

It cannot be too strongly emphasized that the leveling, anchoring, and 
grouting of the sill are important operations, and the final appearance of 
the switchboard is dependent largely upon the care and patience exercised. 

The method of anchoring panel braces is dependent on construction of 
the walls. Heavy panel equipment requires solid fastenings. Expansion 
bolts, through bolts, or an angle iron bolted along the wall may be used. 
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1H A suggested method of biating a switchboard when it extends 
a< roas a window or other opening m the wall An angle non is bolted across 
the opening and the rods are fastened to it 



*ig H 4 —Correot method of assembling and aligning switchboard panels* 
Note that the middle panel has been first placed in position 
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77. Erection of Switchboard (General Electric Co.).—The panel frame 
consists of either lJ4-in. upright pipe supports, angle irons, or, in cases 
where the equipment is exceptionally heavy, channel irons. Figures 
113 and 114 represent the standard method of bracing switchboard panel 
supports. 

Regardless of frame construction and method of shipping panels, 
whether assembled or dismantled, the middle panel should be erected 
first, plumbed, and braced securely. If the supports are shipped sepa¬ 
rately the framework should be set up and plumbed first, and then the 
panels bolted to it, first loosely to avoid cracking and then securely. 
Flexible leatheroid washers are placed between frame and panels to pre¬ 
vent cracking of the panels when the bolts are tightened and to align the 
front surfaces of the panels. If shipped on supports, each panel will be 
set up adjacent to the fixed panel and anchored in place. Shimming 
should be done between the sill and bottom edge of panels to plumb the 



Fig. 115.—Spacers are placed under the 
lower outside corner of the panel when an 
opening appears at the top. 


free edge as illustrated in 
Fig. 115. Sometimes it may 
be necessary to file the edges 
of two adjacent panels by 
means of a hack-saw blade 
inserted between them in 
order to fit them more closely. 

The installation work is 
somewhat simpler when the 
panels are shipped assembled 
on their supports, but even 
then plumbing and shimming 
may be necessary, as in Fig. 
115. 

Benchboards are some¬ 
times shipped assembled, but 
more frequently they are 
shipped knocked down. In 


erecting the board the sills are leveled and bolted in place first, and 


then the frames are set up and anchored to the sills. Next the vertical 


sections below the bench and then the bench sections are erected, always 
starting from the middle of the board. Lastly, the instrument sections 


are set up. The grille or sheet-iron work should be fitted but should not 


be bolted into place before the wiring has been done. 

78. Estimating switchboard dimensions is often necessary for prelimi¬ 
nary estimating purposes or in checking to determine if a proposed switch¬ 
board will fit in the availabl&space. The data* in the following sections 
will be found useful for this purpose. It is furnished through the courtesy 
of the Trumbull Electric Manufacturing Co. 
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Note. —Minimum width of panel is summation of width dimensions plus 6 in. Switches fused smaller than the capacity of the switch 
take the same space as if they were fused to capacity. When switches are rear fused, add 1 in. per pole to A dimension. When switches 
have a larger number of poles than four, use combinations of the A dimensions given above, for example, A5 — A2 + A3. 

* 12 ^ 50 - v °lt dimension. For 600 volts use 60-amp. dimensions. 

t C dimension is for switches with 90-deg. stops. If stops are not furnished use D dimensions. 
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80. Approximate Space Required for Dead-front Knife Switches 

All Dimensions in Inches 


T” ; 


r— ----- a —-----»i_ 


I J 

! Un- 
\ fused 


Fig. 118. 


Amp. 

125-250-500 volts 

250 

volts 

500 

volts 

A2 

A3 

A4 

C 

B 

B 

30 and 60 

10 

12 

15 

12 

17 

17 

100 

10 

12 

15 

12 

19 

21 

200 

11 

14 

18 

13 

22 

25 

400 

14 

10 

21 

18 

29 

32 

600 

800 

1 ,200 

14 

17 

22 

22 

36 

38 


Note. —For double-throw .switches use twice B and C. 


81. Approximate Space Required on Switchboards for Oil Circuit 

Breakers 

All Dimensions in Inches 



Amp. 

A 

B 

C 

200- 400 

16 

22 

40 

400- 800 

24 

22 

46 

800-1,200 

24 

38 

67 

1,200-2,000 

24 

40 

68 


Space above oil circuit breakers may be used 
for other equipment if desired. Oil circuit 
breakers are mounted on individual panels except 
when two breakers are used together as a motor- 
starting or double-throw switch, in which case 
use 2A minus 6 in. for panel width. 


82. Approximate Space Required for Thermal-type Circuit Breakers 
Mounted on Steel Panels 

For 600 Volts A.C. or less and 250 Volts D.C. 

All Dimensions in Inches 



Fig. 120. 


Frame 

2 pole 

3 pole 

capacity 





of breaker, 

. 

I 


1 

amp. 

Width 

i 

X 

Width 

X 

5. 

1 

50 

3H 

12 


12 

100 

7 

12 

10 

12 

225 

7 

18 

10 

18 

400 

10 

24 

10 

24 

600 

10 

24 

10 

24 


IT 


On 

1 


J 
%! 

♦ 

%! 
s 

1 


* J 

J* 

_r 

1 


A 

*! 

xl 

±_ 


On 


Fig. 121. 

T 


The 9-in. sections may be reduced when over-all height of board is less 
than 90 in. The sections 36 and 24 in. high for mounting breakers are 
standard and cannot be reduced. 

There are only two wicjths of panels used for mounting thermal-type 
trip breakers; these are 12 and 16 in. 











The 12-in. widths are for mounting three-pole breakers of all sizes up to 225-amp. frame, and for mounting the 
400/600-amp. two-pole-frame, either with or without risers. The 12-in. widths are to be used for 400- and 600-amp., 
three-pole breakers only when risers are used. The 12-in. widths will permit mounting two 50-amp., three-pole 
breakers or only one each of the higher capacities in a horizontal row. 



Notes. —(1) The minimum distance between width dimensions and the edge of the panel is 2 in. (2) Use 300/400-amp. dimensions. 
(3) Vertical clearance between live-front air circuit breakers shall be not less than 8 in. for 250 volts and 15 in. for 440 volts. 
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83A. Space Required on Switchboards for Instruments, Etc.—(1) 

Increase the actual dimensions of instruments or any other equipment not 
specifically mentioned by in. in both width and height. (2) The dis¬ 
tance to the edge of the panel for this equipment shall be not less than 
2 in. (3) The space required by rheostats shall be the space actually 
required on the back of the panel. 

84. Data for Determining Approximate Size and Layout of a Trumbull 
Swing-Wa Switchboard 

This is a very compact board for general-purpose use. The data are 
used in conjunction with the layout information given in Fig. 123. The 
units may be mounted horizontally as well as vertically as shown in the 
figure. 



C~ Depth of switch unit 

Fig. 123.—Typical layout and dimensional data for Trumbull Swing-Wa 

switchboards. 
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Amp. 

- 1 

Volts 

A, 

in. 

.*• 

in. 

c, 

in. 

2 pole 

3 pole 

30-60 

250 


6 X 

14^ 

4 

100 

600 





200 


6 H 

10 H 

14 H 

4 







400 

250 

9 

13M 

19 

4 


600 






85. Data for Determining Approximate Size and Layout of a Trumbull 
F.O.I. Switchboard for Heavy-duty Service 

The data are used in conjunction with the layout information given in 
Fig. 124. 



Fig. 124.—Typical layout and dimensional data for Trumbull F.O.I. switch¬ 
boards. 
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All Dimension* tn Inches (See Fig. 124) 


Ainp. 

Volts 

Poles 

A 

B 

C 



2 

8% 

13% 

7% 


260 

3 

10*8 

13% 

7% 

30 and 00 


4 

13% 

13% 

7% 


2 

m 

17 

7% 



600 

3 

li w 

17 

7% 



4 

14% 

17 

7% 



2 

9*4 

17 

7% 


250 

3 

11*8 

17 

7% 

100 


4 

14% 

17 

7% 


2 

9*4 

19% 

7% 


000 

3 

11*8 

19% 

7% 



4 

14t« 

19*% 

7% 



2 

10 

18 

8% 


250 

3 

11*8 

18 

8% 

200 


4 

15% 

18 

8% 


2 

10 

2XK 

8% 



000 

3 

12% 

21*2 

8% 



4 

10% 

21*2 

8% 



2 

13% 

23 3 4 

11 H 


250 

3 

10 

23% 

UU 

400 


4 

20% 

23% 

! n% 


2 

13% 

27 

12*4 



600 

3 

10% 

27 

12% 



4 

21 

27 

12*4 



2 

13% 

27 

12% 


250 

3 

10*2 

27 

12% 

000 


4 

21 

27 

12% 


2 

14 

29% 

13 


600 

3 

16% 

29% 

13 



4 

21% 

29*4 

13 



2 

15*2 

23% 

13 


250 

3 

22% 

23% 

13 

800 


4 

30 

23% 

13 


2 

17% 

27 

13 



000 

3 

25 

27 

13 



4 

32% 

27 

13 



2 

17% 

27 

13 


250 

3 

25 

27 

13 

1,200 


4 

32% 

27 

13 


2 

18% 

30% 

13 



600 

3 

26 

30% 

13 



4 

33% 

30% 

13 
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85A. Data for Determining Approximate Size and Layout for a Trumbull 
Safety Enclosed Unit Circuit-breaker Switchboard 

The data are used in conjunction with the layout information of 
Fig. 125. 



Fio. 125.—Typical layout and dimensional data for Trumbull safety enclosed 
unit circuit-breaker switchboards. 


All Dimensions in Inches 


Frame size, 

Volts 

Poles 

A 

B 

C 

amp. 

_ 







2 

2,4 


34 

50 


a 

44 


34 

000 

2 

2*4 

9K« 

4K« 



3 

44 

9K« 

4K« 


250 

2 

54 

94 

4H« 

100 


3 

84 

9 4 

4Ha 


2 

5 H 

*M 

4Ha 



3 

m 

9 4 

4H« 


250 

2 

54 

mi 

44 

225 


3 

8 4 

15H 

44 

000 

2 

54 

154 

44 



3 

84 

16 K 

44 


250 

2 

8 4 

22 

54 

40A an<4 AAA 


3 

8 4 

22 

54 

*w ana ouu 





54 


600 

2 

8 H 

22 

—a* 


3 

84 

22 

54 
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PANEL BOARDS 

86. A panel board as defined by the National Electrical Code is a single 
panel or a group of panel units designed for assembly in the form of a 
single panel; including busses and with or without switches and/or auto¬ 
matic overcurrent protective devices for the control of light, heat, or 
power circuits of small individual as well as aggregate capacity; designed 
to be placed in a cabinet or cutout box placed in or against a wall or 
partition and accessible only from the front. A panel board with its 
enclosing cabinet is sometimes called a panel box. Panel boards provide 
a compact and convenient method of grouping circuit switching and 
protective devices at some common point. 




Fig. 126.—Panel boxes. 

Panel boxes may be of either the flush or surface type (Fig. 126). The 
flush type is used with concealed wiring installations and has the advan¬ 
tage of not taking up space in the room by extending beyond the surface 
of the wall. Surface-type boxes are used for installations employing 
exposed wiring. The boxes are generally constructed of sheet steel, 
which must be not less than No. 16 U.S. standard gage in thickness. 
The steel must be galvanized or covered with some other protective 
coating to prevent corrosion. 

Gutters are provided around the panel boards in panel boxes in order 
to allow sufficient space for wiring (Figs. 126 and 127). The Code 
requires that all cabinets which contain connections to more than eight 
conductors shall be provided with back or side wiring spaces. These 
wiring spaces must be separated from the panel board or other devices 
in the cabinet by partitions so that the wiring spaces will be separate 
closed compartments, unless all wires are led from the cabinet at points 
directly opposite their terminal connections to the panel board. The 
minimum width of gutters required where vertical conductors are 
deflected upon entering or leaving panel boxes are given as follows: 
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Minimum Width 


Feeder Size of Gutter, In. 

No. 1. 3 

No. 1/0 to 200,000 cir. mils. 4 

211,600 to 500,000 cir. mils.. 6 

600,000 to 900,000 cir. mils. 8 

1,000,000 to 1,400,000 cir. mils. 10 

1,500,000 to 2,000,000 cir. mils. 12 


1. Galvanized sheet-steel box. 

2. Panel adjusting screws. 

3. Galvanized channel irons. 

4. Removable frame barrier separating 
wiring gutter from panel board, 
simplifying panel adjustments. 

5. Molded bakelite end section cover¬ 
ing main lugs or neutral bar. 

6. "Plug fuse only” unit section. 

7. Branch circuit terminal screws. 

S. Single-fusing, tumbler-switch, plug- 
fuse type of unit section. 

9. Molded bakelite section plates. 

10. Double-fusing, tumbler-switch, 
plug-fuse type of unit section. 

11. Index numbers for identification of 
circuits. 

12. Single-fusing, tumbler-switch, cart- 
ridge-fuses type of unit section. 

13. Wiring gutter. 

14. Double-fusing, tumbler-switch, cart¬ 
ridge-fuse type of unit section. 

15. Tumbler switches entirely remov¬ 
able from front, each enclosed with 
an individual bakelite cover. 

16. Standard knockout arrangement,' 
usually satisfactory for most in¬ 
stallations. 



I. Unit section of tumbler II. Panel-board assembly, illustrating 

switches and fuse-plug flexibility of construction 

holders 

Pig. 127.—Typical panel-board construction. (Trumbull Electric Manu¬ 
facturing ( y o.) 


The “trim ” of a panel box (Fig. 128) consists of the door and the frame 
in which it swings. Trims are held to the boxes with screws so they can 
be readily removed for manipulating wires. The door should close 
against a rabbet so as to be dusttight. 

A panel board consists of a set of copper bus bars, called mains, from 
which provision is made for tapping off several circuits through overload 
protective devices and/or switching mechanisms. The provisions for 
taps generally are built up from unit sections assembled to form the com¬ 
plete board. This plan allows the manufacturers to build a few standard 
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types of unit sections which can be assembled in a great variety of com¬ 
binations in order to meet the varying requirements of different installa¬ 
tions. This results in economy of manufacture and in the greatest 
flexibility of possible combinations to meet all requirements. Typical 
panel-board construction is illustrated in Fig. 127. In Fig. 127 several 
types of unit sections are shown in the same panel board in order to 
illustrate the different standard types of unit sections and the flexibility 
of assembly. As a general rule only one or possibly two types of unit 

sections would be used in a 
single panel board, although if 
it were desirable all types could 
be combined in a single panel 
board as shown in the figure, 
since sections of the various 
types have the same over-all 
dimensions. 

87. Lighting panel boxes of 

modern design are practically 
always of the dead-front type. 
Many older boxes of live-front 
(Fig. 129) construction are 
however in use. In the live- 
front construction the current- 
carrying parts of the switches 
or fuses are exposed when the 
door of the box is open, while 
with the safety dead-front con¬ 
struction no live parts are ex¬ 
posed when the door is open. 

Lighting panel boards may 
be obtained with two- or three- 
wire mains for direct current 
or single-phase alternating current; with three-wire mains for two- 
phase alternating current; or with four-wire mains for four-wire, 
three-phase systems. The mains may be provided with only lugs 
for connection to the supply circuit, with fuses in the mains, with 
both a switch and fuses in the mains, or with a circuit breaker in the' 
mains. Panel boards with only lugs in the mains are shown in Figs. 
127, 129, 132, 133, 135, and 136, one with circuit breakers in the mains 
in Fig. 134, ones with fused switches in Figs. 130 and 146, and one with 
fuses in the mains in Fig. 131. If a system contains a grounded neutral 
wire, the main connected to this wire should not be fused. When a 
circuit breaker is used in the mains, one leg of the breaker may be in 
series with the grounded neutral, if desired, provided that the breaker 
opens all legs of the circuit simultaneously. However, when the system 



Fig. 128.—Panel-board trim. 
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contains a grounded neutral, it is general practice to provide a neutral 
bar at the top of the panel board. The neutrals of the branch taps and 
the neutral of the supply are solidly connected to this bar by means of 
lugs or solderless connectors. With this construction there is no neutral 
bus running through the main portion of the panel board. All neutral 
conductors are carried through the wiring gutter directly to the neutral 
bar (see Figs. 129, 130, 131, and 135). When a fused switch is desired 
in the mains, the switching fuse (see Sec. 97 for description) provides, in 



Fiu. 129.—Live-fiont lighting panel boatd. (Trumbull Electric Manufactur¬ 
ing Co.) 

compact construction, protection to the panel and a means of disconnect¬ 
ing the complete panel from the supply. 

The National Electrical Code requires overcurrent protection to be pro¬ 
vided in the mains on panel boards supplying lighting and/or appliance 
branch circuits when the overcurrent protection of the conductors supply¬ 
ing the panel board is greater than 200 amp. The rating of the over¬ 
current devices protecting the panel board should be in accordance with 
the load on the panel board and must not exceed the rating of the mains 
of the panel board. The method of computing loads on panel boards is 
discussed in Div. 3. 

The branch lighting circuits are generally two wire, although in some 
cases three-wire branches are employed. Branches may be provided 
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with only fuses (Figs. 131, 133, and 146), switches and fuses (Figs. 127, 
130,132, and 145), or circuit breakers (Figs. 134, 135, and 136). Switches 
when used are practically always of the tumbler type. On systems with 
a permanently grounded neutral the two-wire branch circuits are pro¬ 
tected by a single fuse or circuit breaker in the ungrounded wire. In 
some cases the inspection department may require fuses or circuit breakers 
in both wires. Two-wire branches on ungrounded systems must be 



three-wire mains and two-wire 
branches; solid-neutral, single¬ 
fusing in branches; switch and 
fuses in mains; switches in 
branches. 



Fig. 132. —Diagram of 
lighting panel board with 
two-wire mains and two- 
wire branches; lugs only in 
mains; switches and double 
fusing in branches. 



three-phase, four-wire 
lighting panel board with 
two-wire, single-phase 
branches; fuses only in 
mains; fuses only in 
branches. 
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Fig. 133.—Diagram of 
lighting panel board with 
three-wire mains and three- 
wire branches; lugs only in 
mains; fuses only in 
branches. 


provided with fuses or circuit breakers in both wires. When fuses are 
used in panel boards, they may be of the plug-fuse, cartridge-fuse, or 
cartridge-fuse-in-plug-case types. Typical diagrams of connection for 
lighting panels are shown in Figs. 130 to 133 and 135 and 136. 

88. Lighting panel boards with breakers in the branches (Fig. 134) are 
made in three types. Two of these types are assemblies of multibreaker 
units. The difference in them is that the multibreaker units of one type 
contain four single-pole breakers with two breakers on each side of the 
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panel board mains (Pig. 135, I), while the units of the other type consist 
of only two single-pole breakers, both located on the same side of the 
mains (Fig. 135, II). In both types it is possible to employ a common 
handle for two breakers, thus converting them into double-pole breakers. 
The two breaker units allow for greater flexibility in the arrangement of 
the circuits. Narrow-type panels, called the column type, are made of 
assemblies of the two breaker units with all units located on the same side 



Fig. 134—Circuit-breakei type of lighting panel board. (Trumbull Electn 
Manufacturing Co ) 

of the mains as shown in Fig. 136. This type was especially designed for 
mounting in the web of H columns in factory buildings. They are made 
in two widths for location on 10- and 8-in. H beams, respectively. Owing 
to the limited space in these column panels, they are generally provided 
with a trough extension and pull box as shown in Fig. 144. The manner 
in which these multibreaker units are assembled to form a complete panel 
board is shown in Figs. 1356, 136, 141, and 142. The breakers can be 
supplied in 15-, 20-, 25-, 35-, and 50-amp. capacities. 

The third type of breaker panel board consists of an assembly of 
^dividual breaker units mounted on a heavy galvanized-steel backplate. 
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The breakers are available in 15-, 20-, 25-, 35-, and 50-amp. capacity in 
one-, two-, or three-pole construction (Fig. 137). The breakers are so 
designed that the width of the breaker housing is proportional to the 
number of poles so that a three-pole breaker will just fit in the space 
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Fig. 135.—Circuit-breaker panel boards with multi-breaker unit sections. 
(Trumbull Electric Manufacturing Co.) 

required for three single-pole breakers. This allows for the greatest 
flexibility in the original arrangement of circuits or in alterations in 
circuit arrangement to accommodate changes in an electrical wiring 
system. 

89. Lighting panel boards with switches and fuses in the branches are 
generally constructed of an assembly of molded bakelite sections. Each 
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section generally consists of four 30-amp. tumble* switches with fuse 
holders for either plug or cartridge fuses. Typical construction is shown 
in Fig. 127. Two types of trim construction are available, the single 


Unit sections 
enclosed tn 
dotted lines 





! 



I _T3?Cr 

r^_si. 



! o J 

i _ 



Fig. 136.—Arrangement 
of two-breakei sections 
foi narrow-type panel 
boaids; four-wire mains 
with two-wne branches 



Fig. 137.—Single, two-, and three- 
pole, 50-amp. frame-size circuit breakers 
foi panel-board mounting. (Trumbull 
Electric Manufacturing Co ) 



Fig. 138. —Dead-front lighting panel board, single-door type (Trumbull Elec¬ 
tric Manufacturing Co,) 

door and the door-in-door. In the single-door type (Fig. 138), opening 
of the door gives access to both the handles of the dead-front switches 
and the fuses. With the door-in-door construction, opening of the inner 
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door (Fig. 139) gives access only to the handles of the branch switches. 
Opening of both doors (Fig. 140) gives access to both the switch handles 
and the fuse compartment. The door-in-door construction is especially 
advantageous where it is desirable to have the replacement of fuses 
under the control of only qualified persons. 



Fio. 139.—Dead-front lighting panel board, door-in-door type; inner door 
open. (Trumbull Electric Manufacturing Co.) 

90. Panel boards with only fuses in the branches are generally con¬ 
structed of molded bakelite sections, similar to switch and fuse panels 
except that each section generally consists of fuse holders without any 
switches, as shown in Figs. 127 and 146. 

91. Narrow-type panels of either the switch and fuse or only fuse type 
are available for mounting in restricted spaces. Assembly of such panels 
is shown in Figs. 147 and 148. 

92. The maximum number of branch circuits in a panel board must 
not exceed 42 where one overcurrent protective device per circuit is used 
or 20 where two overcurrent protective devices per circuit are employed. 

93. The size of the mains in panel boards is very important. The 
ampere capacity of the mains should be determined from the load that 
the panel will supply, by the methods given in Div. 3. If the standard 
size furnished by the panel-board manufacturer is less than the calculated 
load, the size of main required should be definitely specified in the 
order. 
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94. Lighting Panel Board Dimensions. —It is often advantageous to 
know the space that will be required by a panel board. The following 
information taken from one manufacturer's line will be found helpful 
when manufacturers’ catalogues are not available. The standard depth 
of panel boxes is in. inside and 4% in. outside. All panel boards with 



Fig. 140.— Dead-front lighting panel board, door-in-door type; both doors 
open. (Trumbull Electric Manufacturing Co.) 

the mains equipped with only lugs or with switching fuses will fit in the 
standard boxes. When the mains are equipped with circuit breaker, the 
box may have to be deeper than in. inside, the inside dimensions 


Capacity of mains, 
amp. 

Inside depth of box, in. 

Foui-breaker unit 
sections 

Two-breaker unit 
sections 

One-breaker unit 
sections 

50 

4K 


4H 

100 

4K a 


1 5H 

200 

4H a 

5>i 

5 H 

225 



6 


tt 51* for panels with two- or four-wire mains. 
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depending upon the size of mains as shown in the table at the bottom of 
page 453 

94A. The height and width required for a panel box can be estimated 
from the following instructions and Figs 141 to 148 The widths required 
are shown on the figures for the different types of panels The height 
required will be the sum of the follow ing dimensions 

1 Number of unit sections times width of unit section as given m the 
figures 



Ik* 141 —Details of constiuction and dimensional data foi panel boaids 
built up fioni unit sections of the four-bieakei type Ml dimensions in inches 
dimension A indicates height of box loquned 

2 Allowance for top and bottom assembles of panel boa id as given in 
1 he figures 

3 Space for mam fused switch or circuit breakei when used Allow 
0 m for a switching fuse up to 100 amp size, 12 m for a sw itching fuse of 
200 amp size; 18 m for circuit breaker 

4 Two times gutter width Allow 4 m for width of gutter unless 
greater width would be required by Sec 86. 

The height of the box designated by dimension A in the figures will be 
the standard-sized box that will accommodate the above-estimated 
lequired height 
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Fig. 142. —Details of consti uction and dimensional data for panel boaids 
built up from unit sections of the two-breaker type. All dimensions in inches; 
dimension A indicates height of box required. 


Standard Box Dimensions 

Heights in Inches for Following Widths 


Width, 

Width, 

Width, 

Width, 

Width, 

12 y z in 

15 in 

20 in. 

15 m. 

1 20 m. 

J2 

18 

16*2 

57 

40* 2 

In 

21 

10' 2 

60 

"> 2*2 

18 

21 




21 

27 

25 1 g 


mi 

24 

30 

38 J i 


61 >2 

27 

33 

31 >2 


64 h 

30 

36 

34 h 


67 h 

33 

39 

40 h 


70 h 

30 

42 

43 


73 1 '2 

30 

45 

mi 









Noth.- -All dimensions are for inside of box. Outside dimensions will be gieater by 
H in. 
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Example .—Estimate dimensions of a panel box for an eight-circuit panel with switch 
and fuses in branches and with mains provided with a switching fuse. Single fusing is 
to be employed. The panel has three-wire mains and two-wire branches. Capacity 
of mains is 100 amp. 

Solution .—From Sec. 93 the inside depth will be 4K in. Refer to Fig. 145 for this 
type of panel board. The width will be 20 in. 

An eight-circuit, single-fused panel will require two unit sections. 

Estimating height: 

1 . 

2 . 

3. 

4. 

5. 

29 in. 


Space for unit sections = 2X3 =0 in. 

Allowance for top of panel board = 3 in. 

Allowance for bottom of panel board = 3 in. 
Space for main switching fuse = 9 in. 

Space for gutter = 2X4 =8 in. 


A standard-sized box to accommodate the required 29 in. would be 31^2 inches high. 
It might be possible to use a 28 ^ 2 -in. box by reducing each of items 2 , 3 , and 4 by a 
fraction of an inch. 



Fig. 143. —Details of construction and dimensional data for panel boards 
built up from individual breaker units. All dimension in inches; dimension 
A indicates height of box required. 
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Bui/ding 

'column 


Trough 



- 16 ". *4 

END VIEW 


Pull 

box'"' 


Trough 
extension 
with screw 
removable - 
front flanged^ 
down over 
edge 

Narrow type\ 

lighting 

panel 

Buildings* 
column 


/nrear\ 
of pull 
box 


ni- 

Outs/dA 

\ 0 cover Q \ 

width 


i 


Pull Box 

Dimensions in Inches 


5 

4 

I 

I 

v I 

4 


>5 

I 


Height 

Width 

Depth 

18 

10 

\ 

10 


Trough Extensions 
Length X in Inches 
30 
40 
56 
06 
76 
80 
96 
106 
116 
126 


FRONT VIEW 

Fig. 144.—Details of construction and dimensional data for narrow- 
column type of panel board built up from unit sections of the two-breaker 
type. 
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panel boaids built up from unit see- panel boaids built up from unit sec¬ 
tions of the two-single-pole fused- tions of the four-fuse-only type 

switch type. 



I Two-pole double-branch poicelam II Two-pole, single-bianoh poi- 
holder for caitndge fuses celain holdei foi cartridge fuses 



III Two-pole, single-branch por- IV Single-pole, single-branch slate 
celain holder for plug fuses base holder for cartridge fuses 

Fig 149—Fuse cutout blocks (fuse holders) (Trumbull Electric Manufac¬ 

turing Co) 
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95. Power Panel Boards. —Several different methods are employed at 
the distribution centers of power circuits for the mounting of protective 
and switching equipment. A very inexpensive method is to mount cutout 
blocks (Fig. 149) or cutout blocks with switches inside a sheet-metal box. 



1 11 
Fig. 150.—Distribution centers consisting of a group of safety switches and 
auxiliary gutters. 



Fig. 151. - Live-front power panel board. 

This method does not produce a very neat or safe installation. If a box 
contains cutouts for more than four circuits, it must be provided with a 
wiring gutter, unless the wires leave the box directly opposite their 
terminal connections. 

A better method is to employ a regular power panel or a group of indi¬ 
vidual safety switches or circuit breakers connected to the supply 
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through a wiring gutter (Fig. 150). Regular power panels provide a very 
compact arrangement of the equipment requiring a relatively small 
mounting space and producing a very neat-appearing installation. 
Power panel boards may be obtained from the various panel-board manu¬ 
facturers in either live- or dead-front types of construction. Their general 



Fig. 152.—Typical Swing-Wa panel board with single-branch units. 
Double-branch units are available in 30- and 60-amp., 230- to 575-volt, a-c and 
100-amp., 230-volt, a-c capacities. (Trumbull Electric Manufacturing Co.) 

construction is quite similar to lighting panel boards on a larger scale. 
The switches and mains except for branch circuits supplying very small 
motors must have greater current-carrying capacities and be of more 
rugged construction than is required for lighting panels. Where the 
capacity of any circuit fed from the panel is not greater than 50 amp. a 
standardized panel board of single breaker units of exactly the same con¬ 
struction as the circuit-breaker lighting panel boards of Sec. 87 may be 
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employed. For circuits of greater capacity the size of branch motor 
circuits cannot be standardized to one or two sizes as in the case of branch 
lighting circuits but must be of the size required by the ratings of the 
individual motors fed from the panel. A power panel must, therefore, 
provide switches and fuses or circuit breakers of several different sizes. 
For this reason power panels cannot be standardized to the extent that 
lighting panel boards are, but each panel must be built to meet the require¬ 
ments of size and number of branch circuits required by the particular 
installation. A power panel board of the live-front type is shown in Fig. 
151. Only the panel board is shown in the figure. The panel board 



Fig. 153.—Cutaway view of Swing-Wa unit showing door partly open and 
stabs disengaged. (Trumbull Electric Manufacturing Co.) 

would be enclosed in a panel box with wiring gutters similar to lighting 
panel boxes. 

Safety dead-front power panel boxes are available in three general types 
of construction: special indicating fused-switch units, switching fuse 
units^ and circuit-breaker units. 

96. A power panel board using special indicating fused-switch units is 

shown in Fig. 152. This panel board is built up of individually steel- 
enclosed fused-switching units assembled in a sheet-metal panel box. 
The construction of the unit for each branch circuit is shown in'Fig. 153. 
The door of each unit supports the switching contacts. When the door is 
opened, it disengages the switch stabs and entirely disconnects the circuit. 
Full safety and protection is provided since no current-carrying parts 
are accessible to the operator with the door closed, and when the door is 
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opened for changing of fuses the circuit is thereby disconnected from the 
supply. With the door open, the mechanism may be thrown in the “off ” 
or “on ” position and the door reclosed. With the door closed, indication 
is given on the front of the unit telling if the switch stabs are in the “on 7 * 
or “off” position. The switches are rated Type A, motor-circuit 
switches. 

The space required for a complete panel board may be easily estimated 
from Fig. 154 and the following data and instructions: 

Dimensional Tables for Box Heights 

(X = 2M in.) 


Table 1.—Swing-Wa Unit Heights 
230 Volts A.C., 250 Volts D.C. 


Amp. 

| Height of sections 

2 polo 

Type 

3 pole 

Type 

60-60“ 

2X 

SWD1-222 

3X 

SWD1-322 

100-100“ 

2.Y 

SWD5-223 

3X 

SWD 5-323 

100 

2X 

SW2-223 

3X 

SW2-323 

200 

3 A 

SW3-224 

4 XX 

SW3-324 

400 

4A’ 

SW4-225 

6X 

SW4-325 


575 Volts A.C. 


30-30“ 

2X 

SWD5-261 

3-Y 

SWD5-361 

60-60“ 

2X 

SWD5-2C2 

3 A 

SWD5-362 

100 

2X 

SW2-263 

3A 

SW2-363 

200 

3X 

SW3-264 

4HX 

SW3-364 

400 

4X 

SW4-265 

6A 

SW4-365 


“ Double branch units. 


Table 2.—Additions for Neutral Bars (End Section) 
Capacity, Amp. Height Additions 

No neutral. 1)4 in. 


200 

400 

600 


2X 

3X 

AX 


Table 3.—Wiring Gutter (Bottom)* 


Capacity of Height Addi- 

Mains, Amp. tions, In. 


400 and under. 6 

600 . 8 

800 . 10 

1,200 . 12 


1 Wiring gutter at top to match bottom when N bar is used; otherwise 4 in. is standard. 


Table 4.—Lug Cover 

Capacity of 
Mains, Amp. 

400 and under. 

Above 400 . 


Height Addi¬ 
tions, In. 
...4 H 
... 7H 
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Estimating Box Dimensions 

Style of Units and Dimensional Data. Style 1.—Double branch; 
30 or 60 amp.; 230 volts a.c. or 250 volts d.c.; 3 in. deep, 14% in. wide 
(requires box 23 in.). 

Style 2.—Single branch; 30, 60, or 100 amp., 230 volts a.c., 250 volts 
d c., or 575 volts a.c.; 4 in. deep, 14% in. wide (requires box 23 in. wide). 

Style 3.—Single branch; 200 amp.; 230 volts a.c.; 250 volts d.c., 
or 575 volts a c.; 4 in. deep, 14% m. wide (requires box 23 in. wide). 

Style 4.—Single branch, 400 amp.; 230 volts a.c., 250 volts d.c., or 
575 volts a.c.; 4 in. deep; 19% in. wide (requires box 31 in. wide). 

Style 5.—Double branch; 30 or 60 amp.; 575 volts a.c.; 30, 60, or 
100 amp.; 230 volts a c , 250 volts d.c ; 4 in. deep; 19% in. wide. (If 
used in combination with maximum of 200 amp. unit or less, requires 
box 27% in. wide; over 200 amp requires box 31 in. wide.) 

Depth.— 11% in for all panel boards. 

Width. 


Circuit, amp 

pKggHMf 



/ 

B 



Up to 200| 




Over 200 





Height —Add up the number of X's or inches for each of the following 
as the case may be (X dimensions may be converted to inches by multi¬ 
plying by 2%). 

1 Wiring gutters (top), Table 3. 

2 End section, Table 2. 

3 X height of individual circuits (convert to inches by multiplying by 
2%), Table 1. 

4. Lug cover, Table 4. 

5 Wiring gutter (bottom), Table 3. 

6. Add total number of inches for close approximation of box height. 


Typical Examples. Example 1 —3/3 wire, three-phase, 250-volts panel board with 


400-amp mam lugs and the following branch cir¬ 
cuits two 30-amp , three-pole, two 00-amp., three- 
pole, one 100-amp , three-pole, and one 200-amp., 
three-pole. 

Wiring gutter bottom 6 in. 

Lug cover 4 % in. 

One 200-amp , three-pole 4H-Y 

One 100 amp , three-pole ZX 

Two 60 amp , three-pole 3X 

Two 30 amp , three-pole ZX 


End section 
Wiring gutter top 
Box height 
Box depth 
Box width 


13 MX - 30 M in. 

1H m. 
4 m. 
46% in. 
. 1114 m. 
23 m. 


J0A.3P 1 30A. JP 


60A 3P 60A. 3P 


100 A JP 


200A JP 


A H 

400A lugs 


JX t 
JX ! 

~7x&* 


4}* i 


Fig. 155. 
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Example 2.—Single-phase, 3/2 wire, 250-volts panel board with 400-amp. main lugs 


and the following branch circuits: two 30 amp., 
two-pole; two 60-amp., 2-pole; one 100-amp., two- 
pole and one 200-amp., two-pole. 


Wiring gutter bottom. 6 in. 

Lug cover. in. 

One 200 amp., two pole. 2X 

One 100 amp., two pole. 2X 

Two 60 amp., two pole.2A' 

Two 30 amp., two pole.3A" 

9 A' = 20^4 in. 

End section (3X). 6^ in. 

Wiring gutter top. 6 in. 

Box height. 43 in. 

Box depth. 11 >4 in. 

Box width. 23 in. 


N£U7. q BAR 


30A.2P 1 30A. 2P 

?X f 

60A.2P j 60A. 2P 

2X ! 

1 

100A J 2P 

1 

IX 

1 

200A\ 2P 

3X j 

| 

_ t 

1 lA 

400 A. lugs 


Fig. 156. 



97. Power panel boards using switching-fuse units sometimes called 
fuse-puller switches, (Fig. 157) consist of fuses mounted on a safety 
dead-front removable cap (Fig. 158), fitted with contact jaws which 



Fig. 157. —Power-distribution panel board with switching fuse units (Trum¬ 
bull Converti-fuse panel). 
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engage with stationary stabs (Fig. 159) supported on the panel-board 
structure. With this construction the fuses may be removed without 
danger of contact with any live parts. When it is desired to leave the 
circuit open, the fuse-holder cap may be removed, turned through 
180 deg., and reinserted. With the holder inserted in this position, the 
circuit is open. Sizes up to 200 amp. are rated as general-purpose 



Fk,. 158. Safoty-fuse holder for safety-fuse power panel board. ( Trumbull 
Electric Manufacturing Co.) 

switches and may be used for interrupting the current of the circuit. 
Larger sizes are rated as disconnecting switches and should not be used 
for interrupting the current of the circuit. These panels have the 
advantage of very compact, dead-front, safety enclosed construction 
giving wide flexibility in adaptation for branches of different capacities. 
The switching fuse units are rated as general-purpose switches up to the 



Fiq. 159.—Construction of a switching fuse (Trumbull Converti-fuse). 

200-amp. size. Above 200 amp. they are only rated as disconnecting 
switches and should not be used for interrupting the current of a circuit. 
Panels using this general construction are sold under different trade 
names such as Converti-fuse, Safto Fuse, etc. 

The space required for a complete Converti-fuse panel board may 
be easily estimated from Fig. 160 and the following data and instructions. 









468 


AMERICAN ELECTRICIANS’ HANDBOOK [Div. 4 



■sr Mounhng\ 

~ l plate I 

k—..- 4 -.-1“ 

Section 3B 30A ,250 V only 3pole and 2 pole 



Section 3A 30 and 60A,250V only 3pole and 2pole 





Fig 160a —Constiuetion details and dimensional data for Trumbull Converti- 
fuse power-distribution panel boards 
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Pio. 1606.—Construction details and dimensional data for Trumbull Oonverti- 
fuse power-distribution panel boards. 
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Dimensional Tables for Estimating Box Heights 

(■X » 2% in.) 

Table 1.—Converti-fuse Unit Heights 

125 or 250 Volu. Only 


Branch cir¬ 
cuit, amp. 

One-pole 

1 

Type 

| Two-pole 

Type 

Three-pole 

Type 

30/30" 

IX 

A 

l 

2B I 

IX j 

3B 

60/60" 

IX 

A 

l| IX 

2A 

IX 

3A 

100/100" 

IX 

A 

1 2 A' 

A 

3X 

A 

100 

IX 


1 2A 

hA 

3X 

HA 

200 

IX 

B 

2A” 

B 

3X 

B 

400 

2X 

C 

4 A 

C 

6X 

C 

600 

2X 

c 

4 A 

r 

6X 

C 


t)00 Volts 01 Less 


()0 

IX 

A 

! 

2 Y 

A 

3X 

\ 

1(K) 

IX 

A 

2 V 

A 

3X 

A 

200 

IX 

B 

2X 

B 

3X 

B 

400 

| 1 1 2 X 

B C 

3X 

BO ! 

1 4> 2 X 

nr 

600 

2X 

C 

4X 

C 

| 6X 

(’ 


" Double branch construetion. 


Table 2.—Add A" Height to Panel for Neutral Bar 


Addition based on branch size Addition based on size of mains 


Size of bianch 

Single phase with 
solid neutial" 

Size mains, amp. 

Three phase, four 
wire, with solid 
neutral 1 

30 

IX 

100 

IX 

60 

IX 

200 

2X 

100 

IX 

300 

2X 

200 

IX 

400 

3X 

400 

3X 

600 

3X 

600 

3X 

800 c 

4X 



1,200* 

4X 


a Note that for single-phase service the allowance for neutral bar is determined by 
selecting the ampere capacity of the largest branch circuit. 

fc On three-phase, four-wire panels use the capacity of the main lugs. 
c With multiple lugs use X spacing for largest size of cable used. 
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Table 3, —Box Dimensions 




Actual dimensions, in 

Height X 




Width 

Height 

Depth 


4« 

20 

21M 

QX) 60 amp. 

6* 

20 

20 K 

QX /max. 

8 ® 

20 

31 

6 X/ branch 

4 

22 

23 

0H 

6 

22 

30 

0K 

9 

22 

37 

6 X 

12 

22 

45 

6K 

15 

22 

52 

6K 

18 

22 

59 

*X 

21 

22 

60 

GX 

24 

22 

73 

6X 

27 

22 

80 

6X 


° For channel-iron construction only; panel boards incorporating 30 and 60 amp , 
3A and 3B sections aie built up in channel construction. In such instances calculate 
the X height of the panel and select box sue from first thiee in above table. Add l.Y 
to panel height when neutial bar is required. 

Estimating Box Sizes. Depth. —Depth is 6J4 in. for branch circuits 
200 amp. and under, and 7}i in. for branch circuits of 400 and 600 
amp. and with 400- and 600-amp. Converti-fuse mains. 

Width. —Width is 22 in. for 200 amp. and under, and 26 in. for branch 
circuits of 400 and 600 amp. and with 400- and 600-amp. Converti-fuse 
mains. 

Height. —The height of Converti-fuse boxes is determined from the 
panel height. 

To determine the proper box, add the total number of X’s for the 
individual circuits and select the proper box from Table 3. If neutral 
bar is required, determine X height from Table 2 and add to panel height 
before selecting box. Note that allowance for neutral bar on single¬ 
phase service is determined by size of largest branch circuit while on 
three-phase, four-wire service the allowance is determined by size of 
main. 

It should be noted that, where only 3A and 3B sections are incorporated 
in one panel, channel-iron construction is used and that the box selection 
should be made from the first three only in Table 3. 

Example 1.—3/3 wire, three-phase, 250-volt 
panel board with 400-amp. mains and the fol¬ 
lowing branch circuits: 

Two 30-amp., three-pole, 3B. IX 

Two 100-amp., two-pole, A 2X 

Two 100-amp., three-pole, A 3X 

One 200-amp., three-pole B 3X 

Total panel height.9X 

Select 9X box from Table 3. 







472 


AMERICAN ELECTRICIANS’ HANDBOOK [Div. 4 


Example 2.—3/2 wire, single-phase, 250-volt panel board with 400-amp. mains and 


the following branch circuits: 

Neutral Bar. 

Two 30-amp., two-pole, 2B. 
Two 100-amp., two-pole, A 
Two 100-amp., two-pole, A. 
Two 100-amp., two-pole, A. 
One 200-amp., two-pole, B. 
Total panel height 


IX 

IX 

2X 

2X 

2X 

2X 

10X 


30 A. 2P "2B" 
100A. 2P "A" 
I00A.2P "A” 
100A.2P "A" 
200A.2P "B* 



Select 12X box from Table 3. 


Fig. 162. 


98. Power panel boards using circuit breakers in the branches (Fig. 163) 
are made in sectionalizcd construction so that each breaker is a removable 



Fig. 163.— Circuit-breaker type of power-distribution panel board. ( Trum¬ 
bull Electric Manufacturing Co.) 

unit. This sectionalized construction and standardization of breaker 
dimensions permits great flexibility in the design and convertibility of 
these panels to meet changing circuit conditions. Each breaker is safety 
enclosed in its individual composition or bakelite case, providing dead- 
front complete safety construction. 

The space required for a circuit-breaker power panel board may be 
easily estimated from Fig. 164 and the following data and instructions: 
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Estimating Box Size of Convertible Distribution Panel Boards. 

Depth. —See item B, Table 1. 

Width. —See item A, Table 1. 



Fio. 164.—Layout and dimensional data for circuit-breaker type of power- 
distribution panel board. (Trumbull Electric Manufacturing Co.) 


Height. — 1. Top wiring gutter, see item E, Table 2. 

2. End section without neutral bar 2% in. When neutral bar is 
required, the following addition should be made: 5 % in. for 400 amp. 
and under; 7 % in. for 600 to 1,200 amp. 
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3. Panel height determined by adding X height of the individual cir¬ 
cuits in the panel proper, Table 3. 

4. Lug space, see item Z), Table 2. 

5. Gutter space bottom, see item A’,.Table 2. 

Box height in inches, sum of the above items. 

Total height of all circuits must be a multiple of 4V£" (3X) to accom¬ 
modate standard box heights. If the sum of the circuits' height is not a 
multiple of 4^", blank filler plates must be added to take care of this 
discrepancy. When breakers are used in mains, lug space is not 
required. 

Table 1 


Frame size, breakers, amp. 

A (width), in. 

B (depth), in. 

C (wiring gut¬ 
ter side), in. 

225 amp. and under. 

30 

9*4 

5 

400 amp. and under. 

35 

1144 

7», 

600 amp. and under. 

40 


10 

Table 2 


Table 3 




| 

E 

Breaker 

heights, X => 

l 3 s in. 

Mains, ainp. 

D (lug 

(gutter space) 




space), in. 

top and 
bottom, in. 

Frame size, 

I 

Two pole 

Three pole 





amp. 







200 

5M 

5 




400 

5 H 

0 

50 

2.Y 

3X 

600 

9 H \ 

8 

100 

4 A' 

6X 

800 


10 

225 

4 A' 

6X 

1,200 

9.'4 

12 

600 

«.Y 

6.Y 


Example 1 (Fig. 165).—Three-phase, three-wire, 250-volt panelboard with 400-amp. 


main lugs and four 50-amp., three-pole circuits, two 
100-amp., three-pole circuits and one 225-amp., three- 
pole circuit. 

Top gutter space. 6 in. 

End section. 2^» in. 

Two 50-amp., three-pole breakers. . 3.V 

Two 50-amp., three-pole breakers. . 3.Y 

Two 100-amp., three-pole breakers. . 6JY 
One 225-amp., three-pole breaker. . . 6X 

18X * 24 H in. 

Lug space. 5H in. 

Bottom gutter space. 6 in. 

Total box height. 44H in. 

Box width. 30 in. 

Box depth. 944 in. 


SO A, 3P 


50A. 3P 


100A. 3P 


SO A. 3P 


SOA. JP 


100A. 3P 


225A. 3P 


~TT,T 

400A. tugs 


3X 


n 


3X 


6X 18X 


6X | 

_i 


Fig. 165. 
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Example 2 (Fig. 166).—Single-phase, 3/2 wire, 250-volt panel board, 400-amp. mam 
luge with the following branoh circuits: four 50 amp H f“—————— 

two pole; two 100-amp., two pole; and one 225 amp., 1 NEUT q BAR 

two pole. —. || » -T 

S0A.2P \S0A.2P 2X f 

Top gutter space 6 in. — j 

End section and neutral 5H m. IlZl * i | 

Two 50-amp., two-pole breakers 2X I ! 

Two 50-amp., two-pole breakers 2A’ 100A. 2P J I00A.2P 4X t2X 

Two 100-amp., two-pole breakers 4AT l| j 

One 225-amp., two-pole breaker 4A' | j 


Lug space 

Bottom gutter space 
Total box height 
Box width 
Box depth 


1 NEUT 

J BAR 
\ 

S0A.2P 

j S0A.2P 

SO A. 2P 

! 50A.2P 

100A.2P 

1 I00A.2P 

22SA. 

1 2P 

A > 

400Aim 

l?k 


Fig. 166. 


GENERAL WIRING MATERIALS AND DEVICES 

99. Insulators of various types are employed for interior wiring work 
where the conductors are not installed in raceways. The more common 
types may be classified as knobs, cleats, tubes, crane insulators, and rack 
insulators. The following sections and illustrations give data on many 
standard types. Insulators for outdoor and underground installations 
are discussed in Div. 7. 



No $'/ z No 5V 2 

Nail assembled knob Screw assembled knob 

Fig. 167.—Assembled wiring knobs for No. 12 to No. 14 wire. (The R. 
Thomas Sc Sons Co.) 


Split knobs are shown in Figs. 167 and 168. Those of Fig. 167 are 
factory assembled with a supporting nail or screw. Various standard 
types of solid knob insulators are shown in Fig. 169. Standard types of 
rack insulators are shown in Fig. 170. Standard wire cleats are shown in 
Pigs. 171 and 172. Crane insulators are shown in Fig. 173. All these 
insulators are made of porcelain. 
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7 /t6tr> 




[*- 2 m >1 


508mm 
No 3^ 


5 i 


fy m 
96 mm 



381mm 


No 4 




Vim A 5 | 

2S4mm & 


No 5 


Vt'iA 

286mm 
No b'k 


5 li_ 



20.7mm 223mm 

No.6 No 7 


l Am 
64 mm 



254mm 

No 8 



v 




*1 

4!3mm 
No 10 



Fig 


k/fc/zr*I ^ VtitnA k/&*?*! k l\m •*! 

286mm 35mm 333mm 445mm 

No. 11 No 12 No 13 No 15 

169 —Various standard types of solid knob insulators 
& Sons Co.) 


k- l%m-A 

44 5mm 
No (6 

(The R. Thomas 
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/9.1mm 1 



L_ 

* HSmrrT 
No 36 


No 37 
Split 


k . Man . 

r 635mm 


15.9 mm 



No 40 


No 41 


No 45 


No 46 




ir />6in 
175mm i 



63.5mm 




Fig. 170.—Various standard types of raok insulators. (Tte /2. Thomas 

& Sons Co.) 











Numbers 

8ize of wire received, B. & S gage 

Light cap 

Light cap 

Heavy cap 


and light 

and heav\ 

and heavy 


base 

ba^e 

base 

No. 14 to No. (> 

no 

1 

113 

120 

No. 6 to No. 2 

in | 

116 

121 

No. 2 to No. 1/0 

112 1 

1 117 

122 

No. 1/0 to 3/0 

113 

118 

123 

No. 3/0 to 200,000 cn. mil- 

lit 

119 

124 

200,000 to 500,000 cii. nub 

1 


126 

500,000 to 1,000,000 cir. mils 



127 

800,000 to 1,250,000 cir. mils 



128 

1,000,000 to 2,000.000 oir. mils 

No. 10 Duplex pai allel conduit cable, X 



120 

m. (16 X 22 mm ) 



125 
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99B. Table of Dimensions for B. & D. Single Wire Cleats 


Numbers 

L 

S 

W 

H 

R 

T 

In. | Mm. 

In. ) Mm. 

In. | Mm 

In. | Mm. 

In. | Mm 

In. | Mm 


Light Cap and Light Base 


110 

nt 

48 

1*6 

29 

hI 

22 

X 

6 

*8 

16 

X 

16 

111 

2U 

57 

1*8 

35 

i 

25 

*16 

8 

X 

19 

X 

19 

112 

2% 

67 

OMfi 

43 

ib* 

29 

Me 

8 

Vh 

22 

X 

22 

113 

3 

76 

l^fe 

49 

W 

32 

X 

10 

l 

25 

1 

25 

114 

3« 

86 

2'i 

57 

m 

35 

X 

10 


29 

1*8 

29 


Light Cap and Heavy Base 


115 

1 J'H 

48 

1*8 

29 

J’H 

22 

X 

6 

X 1 

16 

VA 

1 

116 

2'i 

57 

1*8 

35 

1 

25 

Me 

8 

X i 

19 

lMe 

H 

117 

2'* 

67 

1 1 M 6 

43 

Vi 

29 

Me 

8 

V* 

22 

Vi 

32 

118 

3 

76 

l*Me 

49 

Vi 

32 

X 

10 

1 

25 

lMe 

33 

119 

3*8 

86 

2H 

57 

1 3 S 

35 

*8 

10 

Vi 

29 

1% 

35 


Heavy Cap and Heavy Base 


120 

l 7 s 

48 

1*8 

29 

*8 

22 

x 

6 

1*8 

29 

08 

29 

121 

2*i 

57 

1 3 8 

35 

1 

25 

He 

8 

1 Me 

30 

1M« 

30 

122 

2M 

67 

vHe 

43 

1H 

29 

Me 

8 

m 

32 

IX 

32 

123 

3 

76 

1 1 M 6 

49 

l H 

32 

H 

10 

l*le 

33 

lMe 

33 

124 

8X 

86 

2 x 

57 

l X 

35 

X 

10 

l X 

35 

IX 

35 

125 

3H 

86 

2X 

57 

m 

35 

X 

10 

IX 

35 

IX 

35 

126 

4 X 

108 

2 l Me 

75 

IH 

41 

Me 

11 

lMe 

40 

lMe 


127 

4 X 

121 

3H 

83 

l 1 M 6 

46 

Me 

14 

IX 

44 

ix 


128 

5X 

137 

3 1 Me 

97 

2 

51 

Me 

14 

2 

51 

2 


129 

6 

152 

4H 

111 

2H 

57 

Me 

14 

2H 

57 

2X 



100. Use of Screws or Nails with Split Knobs.—Nails hold better than 
screws in certain woods. The breaking of knobs at the time of putting 
them up with screws is not the only source of trouble, for the binding 
tension applied often acts to crack the knob a considerable time after it 
has been put in place. It is an objectionable practice of many wiremen 
in putting up knobs with screws to drive the screws in nearly all the way 
with a hammer, giving them only a couple of turns with a screw driver to 
tighten them. The principal argument in favor of the use of the nail 
is the great saving of the wiremen’s time that results as compared with 
that required for putting in screws. The insulating value of either 
construction is practically the same. 

101. Insulated racks are often convenient for supporting cables in 
open wiring installations. They consist (Fig. 174) of porcelain insulators 
mounted in an iron base and clamped together with an iron top for d-c 
work and a brass top for a-c work. They are made in assemblies for 
one, two, three, and four cables and can be supplied with insulator 
openings of inside diameters ranging from He to 3 in. The diameters 
vary by He in* from He- to H-in. sizes and by H in. from %- to 3-in. 
sizes. 




1 ~~89mm. n ' 63.5mm. 
Cotalog No. 5816 Catalog No.7900 
Fig. 173.— Crane insulators. 


76mm. 76mm. 

Catalog No.7016 Cdtalog No.7901 

(The R. Thomas & Sons Co.) 



Fig. 174.—Insulated cable rack. (Westinghouse Electric & Manufacturing Co.) 



I- Showing No. 502 support U- Showing No. 502 support 
with No.3'/2 insulator. with attachment for type A 

Support is tapped standard No.2 Be D.cleat. Support is 

for No. 24*16 thread tapped standard for No.24-16 

machine screw thread machine screw 

Fig. 175. — Universal insulator supports. (Steel City Electric Co.) 
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102. Universal insulator supports (Fig. 175) are malleable-iron clamps 
fitted with cup-pointed, core-hardened, steel setscrews for securing porce¬ 
lain and glass insulators to exposed steel framework. 

103. Porcelain tubes are made in three types: standard solid tube, 
split tube, and floor tube. The standard lengths, as indicated by the L 
dimension in Fig. 176, are 1, ll4i 2, 2^> 3, 4, 5, 6, 8, 10, 12, 14, 16, 
18, 20, 22, and 24 in. The diameters are given in Sec. 104. 



I-Floortube H- Standard tube HI*Split tube 


Fig. 176.—Porcelain insulating tubes. 


104. Tube Diameters 



103. Receptacles and caps or plugs are wiring devices for the purpose 
of providing a convenient and safe means of connecting portable appli¬ 
ances or equipment to an electric circuit. 

The receptacle consists of stationary contacts mounted in an insulating 
enclosure and with openings so that the blades of attachment caps or 
plugs may be inserted so as to make contact with the stationary contacts. 

The cap or plug consists of projecting blades mounted in an insulating 
enclosure with provision for attachment to a portable cord. 

Receptacles may be roughly classified as follows: 

A . According to method of installation. 

1. For flush mounting, 
o. Standard line. 

6. Interchangeable line. 
c. Combination line. 

2. For surface mounting for exposed wiring on insulators. 

3. For mounting in special enclosures. 

B . According to number and arrangement of blades. 

1. Two pole, parallel blades. 

2. Two pole, tandem blades. 

3. Two pole, blades polarized. 

4. Three pole. 

5. Four pole. 
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Receptacles and caps or plugs are made in such a variety of designs 
that only some very general remarks can be given here. The flush 
types are designed for mounting inside standard sectionalized switch 
boxes, outlet boxes, or conduit fittings. The assembly is then covered 
with a special outlet box or conduit-fitting cover or with a standard 
wiring-device flush plate. Flush receptacles are made in three types as 
listed above. The standard line (Fig. 177) is made with more generous 
proportions than the other two and is the most rugged of the three 



I- Single receptacle H- Double (duplex! IT* Double three-wire 

regular type receptacle/egular type receptacle (polarized) 

t. a ) - R eceotacle s 



I-Rubber or I-Cord clamp HI-Composition BT-Three-wire 
composition type type with type with type with 

with parallel blades parallel blades tandem blades cable clamp 


(b) - P lug s 


Fiu. 177.—Standard line of receptacles and plugs. (Pass & Seymour , Joe.) 


types. It should be used for heavy-duty installations. The over-all 
dimensions of the body range from 1 to 3M*2 in* in depth, Hfe to 1 % in. 
in width, and from \% to 2% in. in length. Most of these receptacles 
are supplied with supporting straps with two sets of supporting screw 
holes, spaced from center to center 3 %2 and 2% or 2 l e in., respectively. 
They are available in double-, three-, and four-pole types up to 20-amp. 
capacity at 250 volts. The regular two-pole receptacles are so con¬ 
structed that they will accommodate blades arranged in parallel or tandem 
(Fig. 177, al, all, and M, MI, and 6III). Receptacles of the polarized 
type (Fig. 177, alll) will accommodate only plugs with special blade 
arrangement (Fig. 177, bIV) 4 Such receptacles and phigsaref necessary 
where it would be possible to coni^et ap$fliar&€i r to diftengtft supply 
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systems or for d-c systems where a definite polarity must be applied to 
the appliance. Regular two-pole receptacles of 15-amp. capacity at 
125 volts or 10-amp. capacity at 250 volts are made in single- and twin- 
outlet types (Fig. 177, al and oil), either of which occupies one gang 
space in the outlet box. 

The interchangeable line of receptacles (Fig. 178) is constructed in a 
much more compact manner with less generous proportions. As many 
as three of these receptacles may be included in one gang space in the 
outlet box. They should not be used for heavy-duty installations. Only 



I-Convenience I- Rubber HI-Composition 

outlet attachment attachment 

receptacle plug cap plug cap 

Fig. 178. —Interchangeable line of receptacles and plugs. (Pass & Seymour , 

Inc.) 



I-Regular type for 
two pole paraffel 
or tandem blades 




Fig. 179.—Porcelain recep- Fig. 180.—Heavy-duty industrial recep¬ 
tacles of the surface type. tacles. (Crouse Hinds Co.) 

(Pass & Seymour, Inc.) 


two-pole receptacles are made and are rated at 15 amp. at 125 volts 
and 10 amp. at 250 volts. Different combinations of switches, recep¬ 
tacles, and pilot lights, up to three units, may be assembled on a single 
supporting strap yoke and mounted in a single gang space (see Sec. 30). 

The combination line of receptacles is similar to the interchangeable 
line in general construction and service for which they are suited (refer 
to Sec. 30 for additional information). 

Receptacles of the surface type are made in several varieties for 
exposed wiring on insulators. Two common types are shown in Fig. 179. 

Heavy-duty receptacles (Fig, 180) mounted integrally with special 
conduit fittings are used for industrial purposes requiring high current 
capacity or especially hard duty. They are available in nonwatertight 
and watertight assemblies. 

• Weatherproof assemblies for general-purpose receptacles are made for 
installations requiring protection against exposure to weather. 
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106. A box must be installed at each outlet, switch, or junction point 

for all wiring installations except for exposed wiring on insulators. An 
outlet is any point in a wiring system where current is taken for supplying 
fixtures, lamps, heaters, or any other current-consuming equipment. 
The boxes must be constructed of metal except for open wiring on insula¬ 
tors, concealed knob and tube work, nonmetallic-sheathed cable, or 
nonmetallic waterproof wiring. In these installations boxes made of 
insulating material may be used (see Div 8). Boxes used in interior 
wiring work may be classified as outlet, utility, sectional switch, and floor 
boxes. Those classed as outlet boxes are primarily intended for con¬ 
cealed wiring installations where the box will not be exposed to view. 
Utility boxes are designed principally for exposed wiring. Conduit 
fittings (see Div. 8) are used at the outlets for the great majority of 
exposed-conduit wiring installations. The regular outlet boxes may be 
used for exposed work, but they do not produce an installation of very 
good appearance. Sectionalized switch boxes are used in concealed 
wiring when not embedded in masonry structure. Floor boxes are used 
for making outlets in floors from conduit wiring systems. Boxes are 
made of No. 10 to 14 gage sheet steel. The surfaces may be galvanized 
or black enameled. Galvanized boxes will resist corrosion and provide 
better assurance of preserving the electrical conductivity of the raceway 
system. Black enamel boxes give a better appearance for exposed work. 
The different types of boxes are illustrated in Sec. Ill with the dimensions 
in which they are most commonly available. The dimensions of boxes 
vary somewhat with different manufacturers. 

107. Outlet boxes are made in round, square, octagonal, and oblong 
shapes. Round boxes should never be used where a conduit must enter 
the box through the side, as it is difficult to make a good connection with 
a lock nut or bushing on a rounded surface. 

The round and octagonal boxes are used for ceiling outlets in all types 
of concealed wiring installed in buildings of all types of construction. 
The octagonal boxes are also used for wall-bracket lighting outlets. Both 
round and octagonal boxes are made with various combinations of knock¬ 
outs in sides and bottom and with built-in clamps for armored cable or 
nonmetallic-sheathed cable. They may be obtained with built-in %- 
or 3^-in. fixture studs or with holes for mounting a separate fixture stud. 
Various types of covers are available for these boxes as shown in Sec. 112 . 
Some are of the flat type, while others have the central portion of the 
cover raised so that additional interior space is made available in the box. 
Octagonal boxes constructed especially for concrete work have the 
bottom or backplate, as it is called, detachable from the sides. The back- 
plate and sides are provided with conduit knockouts. The back plate 
may be provided with or H-in. built-in fixture studs or with holes 
for mounting a separate fixture stud. 

Square and oblong boxes are used principally for side-wall outlets in 
conduit wiring when embedded in masonry or installed in brick or tile 
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walls. Sometimes they also are used with conduit wiring in other types 
of building construction. The square boxes are used sometimes for 
ceiling outlets. The oblong boxes frequently are called gang boxes and 
are used where more internal space is required than is provided by the 
square boxes. The term gang refers to the number of standard-line 
wiring devices which the box will accommodate. A three-gang box will 
accommodate three standard wiring devices mounted side by side. They 
are made with various combinations of knockouts in sides and bottom. 
The square boxes may be provided with %- or J^-in. built-in fixture 
studs or with holes for mounting separate fixture 
studs. Various types of covers are available for 
the square boxes as shown in Sec. 112. Covers are 
available with openings and supporting lugs for the 
accommodation of flush wiring devices. The open¬ 
ing is then covered with a standard flush plate. 
The portion of the box cover around the central 
opening is raised so that the box is set back a slight- 
amount in the wall and the cover brings the surface 
of the wiring device flush with the wall surface. 
The box and the box cover are plastered over a 
sufficient amount so that the remaining opening 
will be completely covered with the flush plate. 
Covers are available with the central portion raised 
different amounts in order to accommodate differ¬ 
ent thicknesses of plaster. The covers for the 
oblong boxes are always of the type just described. 
When the square boxes are used in exposed wiring, 
a flush plate would not give a neat appearance, 
so that an outlet box cover is used, which covers the entire opening of the 
box. Openings in the cover accommodate switch handles or receptacles. 

108. Utility boxes are designed for use in exposed-conduit wiring instal¬ 
lations in order to provide a neat-appearing job. They are provided with 
knockouts in bottom and sides. Data on covers are given in Sec. 112. 

109. Sectional switch boxes are employed in concealed wiring instal¬ 
lations which are not embedded in masonry. They are constructed willi 
removable sides so that any number of boxes may be ganged side by side 
in order to provide compactly for several wiring devices at one location. 
No covers are required since they are designed to accommodate t»h" 
standard flush wiring devices with standard flush plates. They are made* 
in types with conduit knockouts and with clamps for armored cable, 
nonmetallic-sheathed cable, and loom. Most boxes are 3 in. long and 
2 in. wide. 

110. Extension rings (Fig. 181) are available for octagonal and square 
boxes in order to increase the depth of the box. The standard depths in 
which they arc available for the different boxes are given in Sec. 112. 



I- For square box 



I-For octagonal box 

Fig. 181.—Out¬ 
let-box extension 
rings. 





Depth of 

Shape of box Illustration W ldth and length in Depth, in extension 
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Data on Wiring Boxes (Continued) 
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Data on Wiring Boxes (Continued) 



Data on Wiring Boxes (Continued) 
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US. Bex Coven 


Illustration 


Description 


For 3}£-in. Round and Octagonal Boxes 


o 

Raised, closed; % in. deep 

o 

Flat, closed 


Raised, with 1 2 >6 2 -in. keyed opening for Federal sign receptacle 
% in. deep. 

(O) 

Flat, with l$i6»in. opening and screw holes on in. centers for 

Benjamin sign receptacle 

<3 

Flat, with K-in. knockout in center 

1 

Raised, with )- 2 -in. knockout in center; in. deep 


Raised, with l> 2 -m. opening for sign receptacles notched for pro¬ 
truding lug on porcelain; % in. deep 


Raised, with 1H in. diameter opening and bent tongue to fit notches 
in new standard sign receptacles; H in. deep 


Raised, with 2 % 4 -in. metal eyelet for drop cord; % in. deep 

<§> 

Flat, with slots for surface devices; opening in., screw centers 

1 M e »n. to 1 1 M s in. 


Cover with pigtail receptacle 

on 

Cover with terminal receptacle 

For 3H-in. Round and Octagonal Boxes 

_o 

Flat* closed 
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Box Covers (Continued) 


Illustration 

Description 


Flat with yi-in. knockout in center 


Flat with slots for surface devices 

<Q> 

Raised, closed; % in. deep 

■m 

Raised with H-in. knockout in center, % in. deep 


Raised with f6-in. eyelet; % in. deep 


Raised with iy$-m. grooved opening; % in* deep 

(§> 

Raised with plain lH-in. opening; % in. deep 


For 4-in. Round and Octagonal Boxes 


o 

Raised, closed, % in. deep 

O 

Flat, closed 

o 

Flat, with y£-vn. knockout in center 


Raised, with knockout in center; % in. deep 

1 

Raised, with 2%>in. opening; % in. deep 


Raised, % in. high, for one flush device; also suitable for bracket 
outlet 

© 

Raised, % in. high with 1H in. diameter opening for sign reeeptaoles 
notched for protruding lug on porcelain 

! 
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Box Covers (Continued) 


Illustration 

Description 

(&> 

Raised % in., with lH-in. diameter opening and bent tongue to fit 
notches in new standard sign receptacles. 


Raised % in., with 2 % 4 -in. metal eyelet for drop cord. 

© 

Raised in., 2 ^-in. opening, l Ke m. deep* lugs tapped 8-32 on 

25 ^-in. centers 

(§) 

Flat, with slots for surface devices; opening l 1 ^!# in., screw centers 
1 Ke to l'^e in.; two %-in. X 6-32 screws 


Cover with pigtail receptacle 


Cover with terminal receptacle. 


For 4-in. Square Boxes 


/O? 

Raised, closed, % in. deep 

LJ 

Flat closed cover 

L zJ 

Flat with > 2 ~in. knockout m center 

<<gg7 

Raised, % in. deep with ^i-in. knockout in center 


Raised with 2 ^ 4 -in. opening; % in. deep 


Raised with lj^-in. opening for sign receptacles, notched for pro¬ 
truding lug on porcelain; % in. deep 

$52 

Raised with 1 ^-in. opening and bent tongue to fit notches in new 
standard sign receptacle; % in. deep 
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Box Covert ( Continued) 

Illustration 

Description 

mmk 

Raised with *% 4 -in. metal eyelet for drop cord; % in. deep 

I Wm 

Raised with 29^-in. opening, % in. deep; lugs tapped 8-32 on 2^-in. 
centers 


Flat, with slots for surface devices, opening l 1 ^* in., screw centers 
1 He and HM® in. 


For 4-in. Squaie Boxes to Accommodate Hush Wiring Devices and Flush Plate V overs 



7 

Raised in. for one-gang plate 

Q 

1 

Raised ^4 in. for two-gang plate 

m/mm 

Raised H in. for one-gang plate 


! 

Raised H in. for two-gang plate 

1 m 

■ 

Raised ?£-in. for one-gang plate 

WsM 

Raised ££-in. for two-gang plate 


Raised 1 in. for one-gang plate 

Ipfl 

Raised 1 in. for two-gang plate 

BUS 

Raised W 4 in. for one-gang plate 

WM 

1 

Raised 1 K in. for two-gang plate 
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Box Covers ( Continued) 


Illustration 


Description 


Foi 4-in. Square Boxes for Accommodating Flush Wiring Devices in Exposed Wiring 


/32J 

Raised 3*2 in.; for one push-button switch 


Raised H in*! for one square-handle toggle switch 

wiijj 

Raised in.; for one single flush receptacle 


Raised ^2 in.; for one duplex receptacle 

mjm 

Raised H in.; for two duplex leceptacles 

H 

Raised H in.; for two push-button switches 


Raised K in.; for two square-handle toggle switches 

fr-El 

Raised 3-2 in.; for two single flush receptacles 


Raised K in.; for one push-button switch and one single flush 
receptacle 

p|i 

Raised H in.; for one square-handle toggle switch and one single 
flush receptacle 


Raised H in.; for one push-button switch and one duplex receptacle 
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Box Covers ( Continued) 

Illustration 

Description 

ini 

Raised in.; for one square-handle toggle switch and one duplex 

receptacle 


For 4 1 Ks-in. Square Boxes 


/O? 

liaised, closed; in. deep 

j 

LJ 

Flat, closed 

LzJ 

Flat with M-m. knockout in center 

1 

Rawed with ,V£-in. knockout in center; % in. deep 


Raised, with 2 ^ 4 -in. opening; in. deep 


Raised, with 2 4 -in. metal eyelet for drop cord; in. deep 

■n 

Raised, with 2 ^ 4 -in. opening, £g-in. deep; lugs tapped 8-32 on 
2 %-in. centers 


For Square Boxes for Accommodating Flush Wiring Devices and Flush Plate 

Covers 


W14/IM 

Raised ^ in. for one-gang plate 

mmiim 

Raised 1 in. for one-gang plate 



Raised \\i in. for one-gang plate 


H 

Raised $4 in. for two-gang plate 
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Box Covers ( Continued) 


Illustration 


Description 


For Oblong Gang Boxes for Accommodating Flush Wiring Devices and Flush Plate 

Covers 




Available for two-, three-, four-, five-, six-, seven-, eight*, and nine- 
gang flush plates 


For Utility Boxes 



113. Flush plates are covers which are used with flush wiring devices 
in concealed wiring installations in order to produce a neat covering of 
the outlet. They are supported by screws turning into tapped holes in 
mounting ears or straps on sectional boxes or on covers for square or 
oblong boxes as described in Sec. 112. Holes in the plates accommodate 
the handles of flush switches or plugs for flush receptacles. They are 
made in single-, two-, and three-gang sizes with various types and 
combinations of openings to meet almost any combination of flush wiring 
devices. Flush plates made of bakelite, brass, enameled metal, or 
stainless steel may be obtained. The standard finish for brass plates 
is brush brass. Plates may be obtained with almost any special finish 
in order to meet the requirements of any interior. Some of these special 
finishes are listed on the following page. 
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Aluminum (spray). 

Barff, Bauer lacquer. 

Black lacquer. 

Brass, sand blast, antique, 
sand blast, brush. 
Flemish, 
lemon, 
oxidized, 
polished. 

Bronze, antique, 
brush. 

Japanese (dark), 
polished, 
statuary (light). 

Brown lacquer (imitation 1 
lite). 

Cadmium, brushed, 
polished. 


Plate Finishes 

Chromium, dull. 

polished. 

Copper, antique, 
brush, 
mottled, 
oxidized, 
polished. 

Gilt, rich. 

Gun metal. 

Ivory enamel. 

Nickel, dull, 
polished. 

Silver, butler’s (brushed), 
oxidized, 
polished, 
satin. 

Verde-antique lacquer. 
White enamel. 


Flush plates are made for the standard, interchangeable, and com¬ 
bination line of wiring devices. Typical plates are shown in Figs. 182 
and 183. 



I- For push- H*For tumbler El-For double ET-Two gang for tumbler switch 
button switch switch receptacle and double receptacle 

Fig. 182.—Flush plates for standard-line wiring devices. 



I*Single*gang E* Single-gang m* Single-gang Double - gang 

for one device for two devices for three devices for six devi ces 
Fig. 183.—Flush plates for interohangeable-lino wiring devioes. 
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114. Types of Mounting Features for Sectional Boxes 


m 


Name 

Illustration 

Description 

Standard mount¬ 
ing ears 


$ 


Box equipped with two 
ears, one secured to 
each end of box with 
two 8-32 large fillister- 
head screws. Ears ad¬ 
justable and reversible. 
Set of extra holes (not 
tapped) in each side for 
changing position of 
ears to Bides if desired 
(8-32 tap required) 

Rectangular 
mounting 
bracket without 
lath support 


o’ K o 

o O ° 
cc,o 

& 

°o° 


For plaster or wallboard 
jobs, with holes for 
gripping plaster and 
with aligning-cleat 
prongs and four nail 
holes. Bracket is per¬ 
fectly flat so it does not 
interfere with wall- 
i board. Bracket is 


welded to box 


Rectangular 
mounting 
bracket with 
lath support 



Same as item 2 with 
lath supports welded 
to box for wood-lath 
or wallboard jobs. 
Back lip of support 
projects beyond front 
lip providing adequate 
support behind wall 
board and still retain¬ 
ing channel for sup¬ 
porting end of wood 
lath front and back. 


Extended mount¬ 
ing ears 



Ears on sides for horizontal mounting in 
baseboards. 



For mounting in plaster 
or baseboard. Each 
ear fastened to box 
with two 8-32 fillister- 
head screws. Can be 
located on sides or ends. 
Tapped mounting holes 
supplied regularly only 
on ends. Aligning 
cleat prongs and ade¬ 
quate nail holes for 
rigid fastening 


Ears on sides for horizontal mounting in 
plaster. 




^onil 



Ears on ends for vertical mounting in 
plaster without lath support. 


(Continued on page 500) 
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Types of Mounting Features for Sectional Boxes ( Continued) 


Name 


Illustration 


Description 


Extended mount- 
ing ears 



Ears on ends for vertical mounting in 
plaster with lath support. 


For mounting in plaster 
or baseb ard. Each 
ear fastened to box 
with two 8-32 fillister- 
head screws. Can be 
located on sides or ends. 
Tapped mounting holes 
supplied regularly only 
on ends. Aligning 
cleat prongs and ade¬ 
quate nail holes for 
rigid fastening 


Box supports and 
lath holders 


For mounting in plaster 
wallH. Suppoits avail¬ 
able m lengths of 16M. 
18 ti, 20U, 22H. 24^2* 
and 26^ in. 


116. Depth of Outlet Boxes. —The National Electrical Code specifies 
that outlet boxes must have an internal depth of at least Vi in. for 
concealed work except that, where the installation of such a box is 
impracticable, a box of not less than l i in. internal depth may be used. 
Outlet boxes with conduits entering the side should be 2J^ in. deep for 
installation in lath and plaster. Boxes V/i in. deep will generally be 
satisfactory for brickwork. The shallow boxes of }i- or 3 4-in. depth 
are sometimes used on terra-cotta ceilings with the box set on the sur¬ 
face of the tile and embedded in the plaster. The conduits are brought 
into the back of the box. 

116. Metal straps for supporting outlet boxes can be obtained in 
various types with or without attached fixture studs. Several represen¬ 
tative types made by the National Electric Products Corp. are described 
below. 



A 


For shallow boxes in new work or for holding boxes to concrete forms. 
With boxes of a depth of in., where bar is nailed to joists or studding, 
edge of box will be flush with ordinary plaster. Will fit any box having 
J^-in. knockout. Made in 18- and 24-in. lengths. 


£ 



B 

For boxes 1% in. deep without switch covers or plaster rings; offset 
brings box edge flush with plaster. Will fit any box having J^-in. 
knockout. Length of bar 19^ in. Offset lHe in. deep. 
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f 



^g-o o o p o o o o pj 

/ 

1! S 2 & ft 


c 


For boxes 1% in. deep with switch covers or plaster rings; offset brings 
covers %-in. high, flush with plaster. Will fit any box having J^-in. 
knockout. Length of bar in. Offset 1 * 1 1 2 K6 in. deep. 



— 

; mamm lv \\\ v \%1 

-. - -« 

D 

g 



For mounting shallow boxes or plates in buildings already plastered. 
Make a small hole about 1V£ in. in diameter; push bar all the way into 
hole, long end first as shown in cut; hold stud in one hand and pull wire 
with the other until bar is centered across hole. Will fit any box having 
] 2 -in. knockout. Length of bar 12 in. 


For boxes l ] 2 -in. deep with covers and integral studs, or without 
studs. Offset has slots for stove bolts to hold box and is right depth to 
bring 5*J-in. covers flush with plaster. Length of bar 21 in. Offset 

l 1 6 in. deep. 

117. A special type of switch-box support made by the General 

Electric Co. is described below. 



1. The Hold-it switch-box support consists of a pair as illustrated in 
Fig. 184. 

2. Cut opening to fit box snugly. Bend the two legs AA as shown in 
Fig. 185. Insert in opening one Hold-it on each side bending fingers 
*BB back against the wall surface on outside. 
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3. Insert the box in the usual manner and press ears of box firmly 
against the wall (Fig. 186). 

4. Bend fingers BB over edge into inside of box securely anchoring box 
in place (Fig. 187). 



Fig. 187. 


118. Wallboard Hanger (General Electric Co.).—Instructions for 
supporting a switch box with a special wallboard hanger are given below 
and illustrated in Fig. 188. 

For installing switch boxes in old work where plaster, wallboard, 
plasterboard, or similar construction is present: 

1. Cut hole exact size of switch box. 

2. Assemble switch box and hanger. Only partially tighten bolt. 

3. Push assembly into wail hole until the sides of the hanger spring 
free on inside wall. 

4. Tighten by screwing bolt on inside of box. 

Inside and outside pressure against the wall give box a rigid installation. 

119. Floor boxes (Fig. 189) are made in adjustable and nonadjustabie 
types for providing outlets from concealed conduits embedded in floors.' 
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The adjustable ones allow the top to be adjusted in height and angle to 
suit the floor conditions. They may be obtained in single- and multiple- 
outlet units. 






■# 



III. Rear view, installed 

Fig. 188 . — Wallboard switch hanger. (General Electric Co .) 

120. Door boxes (Fig. 190) are for the installation of door switches 
in the jam of the door. They are made in different types in order to 
accommodate the different types of door switches. 

121. Pull boxes are described in Div. 8. 

122. Lamp holders consist of an assembly for supporting lamps, 
comprising the lamp socket, protective and insulating covering, and 
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means for attachment to some form of support. The term socket is 
sometimes incorrectly used in place of lamp holder. Each lamp holder 
must have a lamp socket, but the socket is only the part of the lamp holder 
which engages with the base or terminal of the lamp. Lamp holders are 
made in a great variety of types in order to fulfill the requirements of all 



CsS F/ush dosing plate 


classes of installations and types 
of lamp bases. 

123. Brass-shell-type inter¬ 
changeable lamp holders are 

the old standard type. They 
consist of two fundamental 
parts, a body (Fig. 191, III) 
and a cap (Fig. 191, I) or base 
(Fig. 191, II). The two parts 
are held together by means of 
a fluted catch which allows them 
to be easily separated or assem¬ 
bled. Any cap or base may be 
used with any body. The body 
consists of the socket mounted 
on a porcelain or composition 



Recepfade cap support and encased in an out- 

(not included) side brass shell. The socket is 

insulated from the shell by 
Small rubber gasket means of a fiber casing. When 

Brass cover the porcelain or composition 

portion of the body simply 


Large rubber gasket 


forms a support and assembly 



Receptacle with 
supporting p/ate 

Iron body 



Fia. 189.—Floor box and receptacle. 
(<General Electric Co.) 


Fig. 190.—One type 
of door box. 


for the socket and electric circuit connecting screws, it is known as a key¬ 
less body. If the body contains a small switch for turning the lamp on or 
off, it may be of the key, pull-chain, or push type (Fig. 192). Caps are 
made with standard inside pipe thread for connection to or 

J^-in. pipe or with %-in. male thread. Caps are also constructed with 
porcelain- or composition-bushed holes or with cord-clamp grip for 



Div. 4] GENERAL EQUIPMENT AND BATTERIES 


505 


pendant support on a drop cord. The cord holes are 0.406 in. in diam¬ 
eter, and the cord grips will accommodate cords from 0.375 to 0.5000 in. 
in diameter. Bases are available for mounting directly on outlet boxes 



I-Cap H-Base H- Body Ef-Assembled holder 

(Body and cap) 

Fig. 191.—Fluted catch, interchangeable lamp holders. {General Electric Co.) 



Fig. 193.—Threaded-catch interchangeable lamp holders. The threaded 
metal ung (I), knurled to provide a grip, holds the cap and shell together. 
The cap (II) cannot pull loose from the shell, and no amount of vibration 
will loosen the threaded ring when properly assembled. A lug m the cap fits 
in the shell slot, preventing rotation between cap and shell. After the cap 
has been fitted to the shell, the flange on the threaded ring fits over the flange 
on the cap, and the ring is secuiely threaded to the shell. {General Elec¬ 
tric Co.) 


and for exposed wiring either of the cleat-mounting or concealed-base 
type. 

124. Threaded-catch interchangeable lamp holders (Fig. 193) are a 
newer development. They consist of a body fastened by means of a 
threaded ring to a cap or base. The bodies, caps, and bases may have 
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outer brass shells or may be made of composition. The same types of 
bodies, caps, and bases are made as for the fluted-catch ones of Sec. 123. 
The line is interchangeable in that any cap or base will fit any body. 

125. The porcelain snap-catch interchangeable line of lamp holders 
(Fig. 194) are used in installations subjected to moisture, acid fumes, or 
other corroding influences. The bodies are fitted with two bayonet hooks 

which engage two flex¬ 
ible phosphor-bronze 
contacts in the cap or 
base. The two parts 
are thus securely locked 
together when assem¬ 
bled but permit easy 
disassembly without 
affecting the wiring. 
The bayonet hooks and 
bronze contact catches 
provide the electrical 
connection between 
cap and body as well as supplying the means of mechanically support¬ 
ing the body from the cap. The same general types of caps, bases, 
and bodies are included in this line as for the fluted-catch line. 
A porcelain line for the same type of applications is made with the cap 
and body fastened together by means of two screws. 

126. Noninterchangeable lamp holders are made in a great variety of 
types to meet the requirements for lamp holders for show-window, show- 


Phosphor bronze Bayonet hooks 



I-Assembled holder H-Cap IE-Push 

Of key switch type switch body 

Fig. 194.—Porcelain snap-catch interchangeable 


lamp holders, (i General Electric Co.) 



I*A plastic body lampholder 
for outlet box mounting. 
Porcelain holders of same type 
more commonly used. 



6 

I- Screw ring IE- Porcelain 
porcelain lampholder 

lampholder for surface 

for mounting in mounting 

fixture canopies 



N Porcelain lampholder 
for surface mounting 
in cleat wiring installations 


Fig. 195.—A few types of noninterchangeable lamp holders. (General 

Electric Co.) 


case, cove, trough, or reflector lighting; candelabrum or intermediate- 
base lamps; lumiline or fluorescent lamps; mounting on outlet boxes; 
mounting in fixture canopies; lamp outlets in exposed wiring on insulators; 
and sign lighting, etc. Most of these holders are made pf porcelain, but 
plastic materials are used to a limited extent. A few of the more com¬ 
mon types are shown in Fig. 195. 
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127. Weatherproof lamp holders (Fig. 196) with one-piece porcelain, 
composition, or rubber cases are made with sealed-in leads for wet 
locations. 



Fig. 196.—Weatherproof lamp holders. {General Electric Co .) 

128. Shade Holders.—Many lamp holders have the body supplied with 
threads or grooves for engaging shade holders. Shade holders are made 
with openings of 2)4, 3)4, and 4 in. diameters for accommodating shades. 
Shades mav be held to the shade holder with a wire spring or by means 
of screws (Fig. 197). 



I- Clamp type for I- Threaded type for HI- Threaded fype 

lampholders with grooves lampholders with threads. with wire spring 

Supporting screws for shade support for shade 

Fig. 197—Shade holdeis. (Pass Seymour, Inc.) 

129. Insulating socket bushings must be used where a cord enters a 
socket, to protect it against abrasion and grounding against the shell. 
The most popular bushings are of hard rubber or of a compound resem¬ 
bling it. Patented bushings which automatically grip the cord by a 
wedging action can be purchased. 

Most lamp holders of the pendant type are fitted with an approved 
bushing constructed as an integral part of the lamp-holder cap. 



Fig. 198.— -Cleat-base rosette for Fig. 199. —Rosette for attachment 
open wiring. to outlet box. 
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130. Rosettes are devices for supporting and connecting to the circuit 
the cord and sockets of flexible drop cords. They are made in different 
types for open wiring and for attaching to outlet boxes or moldings. 


PRESENT 
POWER FACTOR 


50- 


55- 


60- 


65 H 


70- 


75 H 


80-H 


85 ■ 


90- 


PER CENT 
REACTIVE K-VA 


I80-| 
170 
160 
150—j 
140-4 

130-j 

120 4 
110-j 

100-j 

90-4 
80 
70 -J 

60 -J 

50 -i 
40 
30 -j 

20 Jj 
10 
0 


DESIRED 
POWER FACTOR 
100 - 



95 


90- 


85 


80-4 


75 H 


*-—100%—>J 

cos oc =Present power factor 
cos jB ~ Desired power factor -jq . 
C-Reactive K-VA in per cent 
of present KWbad 
C- tan a.-tanp 


Jo find the "PER CENT REACTIVE K-VA "necessary to raise 
the power factor from "PRESENTPOWER FACTOR 0 to "DESIRED 
POWER FACTOR " lay a straight edge across the chart 
connecting these two values. Read the "REACTIVE KVA in 
per cent of the present kilowatt load on the middle scale 


Copy sighted 1921. West/nghquse Electric a Mfg. Co. 


65 H 


60 H 


Fia. 200.—Chart for use in determining the percentage reactive kva required 
to raise the power factor to a desired value. 
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Rosettes similar to the one shown in Fig. 198 are used for open wiring 
work, and ones similar to that of Fig. 199 for attachment to outlet boxes. 
The drop cord passes through the hole in the center and is attached to 
connections inside the body of the rosette. The connections should 
be relieved of any strain by making a knot in the wires just inside the 
rosette body. Fused rosettes were at one time employed, but they are 
no longer allowed by the National Electrical Code rules. 

CAPACITORS 

131. Capacitors are condensers of relatively large values of capacity 
used on power-distribution systems or in industrial plants for improving 
the power factor. Since many power companies include either low- 
power-factor penalties, kilovolt-ampere demand rates, or power-factor 


High' voltage (primary) fines 



Fio. 201.—Location of capacitors on electric system, (i General Electric Co.) 

bonuses in their rate schedules, it is often economical for industrial con¬ 
sumers to install capacitors for power-factor improvement. These 
capacitors are connected across the line and neutralize the effect of 
lagging power-factor loads, thus reducing the current for a given kilowatt 
load. The amount of reactive kilovolt-amperes of capacitors required to 
raise the power factor to any given value can easily be determined from 
the chart of Fig. 200. 

The best point to connect capacitors to the circuit depends upon cost 
considerations. Relatively small capacitor units may be connected 
at the individual loads, or the total capacitor kilovolt-amperes may be 
grouped at one point and connected to the main bus. Both of these 
methods are shown schematically in Fig. 201. Greater power-factor 
corrective effect for a given total capacitor kilovolt-ampere will result with 
the capacitors located directly at each individual load, since the current 
is thereby reduced all the way from the load to the source. The first 
cost of an installation of individual capacitors will be greater, however, 
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than that for one unit of the same total kilovolt-amperes located at a 
central point. The greater saving in operating expense due to indi¬ 
vidual capacitors must be weighed against their increased first cost. 

132. A complete capacitor bank is made up of the necessary standard 
unit to give the desired kilovolt-amperes, connected in parallel with 
each other. Each unit consists of one or more cells enclosed in a her¬ 
metically sealed steel box (Fig. 202). The cells are aluminum-foil, 
paper-insulated condensers impregnated with insulating oil or a non- 
inflammable insulating medium. A noninflammable insulating medium 
is generally used, such as the General Electric Company’s Pyranol or 





Fig. 202. —Three-phase capacitor unit enclosed jii a heimetically sealed steel 
box. (General Electric Co.) 


Westinghouse Electric & Manufacturing Company’s Inerteen. Stand¬ 
ard units may be obtained with the colls internally connected for single-, 
two-, or three-phase operation. The units may be* of enclosed- or rack- 
type construction. The enclosed construction is made primarily for indi¬ 
vidual motor applications. It consists of a dusttight steel conduit box 
(Fig. 203) mounted on top of the hermetically sealed capacitor. The 
conduit box contains the terminals, discharge resistor, and fuses if 
desired (see Fig. 206). Rack-type banks consist of the required number 
of hermetically sealed capacitors, with exposed terminals, supported 
on a steel rack. The complete structure may be provided with enclosing 
screens (Fig. 204), dusttight steel enclosing cases (Fig. 2Q5), or a steel 
enclosing cabinet for outdoor installation. Each capacitor of the bank 




Div. 4] GENERAL EQUIPMENT AND BATTERIES 


511 


is individually fused, and the entire bank is provided with discharge 
resistors or coils inside the enclosure (see Fig. 208). 

133. Drainage of Stored Charge.—When capacitors are disconnected 
from the supply they are generally in a charged state. Considerable 
energy is stored in the capacitor under this condition, and there is a 


voltage present between its terminals. 
If the capacitor were left in this charged 
state, a person servicing the equipment 
might receive a dangerous shock, or the 
equipment might be damaged by an 
accidental short circuit. Therefore, all 
capacitors must be provided with a 
means of draining the stored charge (see 
Figs. 207 and 208). The National Elec¬ 
trical Code requires that the drainage 
equipment shall be so designed that it 
will discharge the capacitor to 50 volts or 
less within 1 min. after the capacitor is 




liu. 2UJ*. Enclosed capacitor unit. Fig. 204.—Typical small 

rack capacitor hank with en¬ 
closing screen for indoor serv¬ 
ice. (General Electric Co,) 


disconnected from the source of supply. The discharge equipment 
may consist of resistors or inductive coils which are permanently 
connected to the terminals of the capacitor bank. If the discharge 
circuit is not permanently connected to the terminals of the capacitor 
bank, automatic means must be provided for connecting the capacitor 
to the discharge circuit on removal of supply, voltage. When capacitors 
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Fia 205—Typical small lack capacitoi bank with dusttight enclosing r iso 
mounted from ceiling {General Electric Co ) 



same size as 



Capaci fordoes 
not have to be 
equipped w/fh 
disconnecting 
switch, over¬ 
current pro¬ 
tection, or dis¬ 
charge device 



Fia. 206.—Schematic diagram of connections when an enclosed capacitor is 
installed at motor terminals {General Electric Co ) 
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are connected directly to other equipment without switch or overcurrent 
device interposed, no discharge equipment is required, since the charge 
will drain off rapidly through the windings of the equipment (Fig. 206). 

134. The National Electrical Code rules for size of conductors, over- 
current protection, and discon¬ 
necting means are given below: 

1. Used with an Individual 
Motor (Fig. 206). —Capacitors 
of 100 kva. or less, if associated 
with an individual motor of 
100 hp. or less for power-factor 
correction, and if the kilovolt¬ 
ampere capacity of the ca¬ 
pacitor does not exceed the 
horsepower capacity of the 
motor, may be connected at 
any point on the load side of 
the motor-circuit switch and 
motor-circuit overcurrent de¬ 
vice, in which case: 

a. Conductors to Capacitor. —Conductors supplying the capacitor 
shall be of size not less than those supplying the motor starter. 

b. Conductor to Motor. —Conductors to motors need not be of a size 
greater than required by the motor without the capacitor. 

c. Switches—Overcurrent Device. — No overcurrent device and no 
disconnecting switch need be connected in the capacitor circuit. The 


Power 

circuit 

1 — 

2 — 
3 — 


.. f~ 0~ 

— — — -o 

-<r <xf\ s> . . 

_i—l 


\Swifch 


Motorsmfc/i Uofor 
and fuses 


~Fusestt$ 


kW 


spSKj figijsk 




I T Lt L-a= || 

L_!-^Jj 

Box-type capacitor J 

Fiu. 207.—Connection diagram of en¬ 
closed capacitor unit, with fuses, installed 
on line side of motor switch. 


Individual capacitor unit with fuses One or more circuit 

connected to capacitor Puses^ . . . 



Fig. 208.--Connection diagram of rack type three-phase, 230-, 460-, or 575- 
volt capacitor installed in power circuit. 


overcUrrent device and the switch in the motor circuit need not be of a 
rating greater than required by the motor without the capacitor. 

2. If Used Other Than with Individual Motors (Figs. 207 and 208).— 
Capacitors used for power-factor correction other than as in paragraph 1 
shall comply with the following: 
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а. Disconnecting Means. —A disconnecting means shall be provided 
in each ungrounded conductor. The disconnecting means need not open 
all ungrounded conductors simultaneously. The disconnecting means 
may be used for disconnecting the capacitor from the line as a regular 
operating procedure. 

б. Overcurrent Protection.— Overcurrent protection shall be provided 
in each ungrounded conductor. 

135. Capacitors which are constructed with a liquid which will not burn 

may be located at any convenient location provided that they are not 
exposed to mechanical injury. If exposed to combustible dust or flyings 
or if located in vicinity of easily ignitible material, they must be enclosed 
in dusttight metal enclosures. Capacitors constructed with a liquid 
which will bum must be installed in vaults unless each container does not 
contain more than 3 gal. of liquid and the container is liquidtight without 
the use of solder. Solder, however, may be used to prevent the slight 
seepage of liquid. Vaults when required should be constructed so as to 
meet the same requirements as for transformers (see Div. 6). 

BATTERIES—GENERAL 

136. An electric battery is a device for producing an e.m.f. by chemical 
means. When such a source of e.m.f. is connected to a closed electric 
circuit, chemical energy is transformed into electrical energy. An e.m.f. 
will be produced by chemical means whenever two dissimilar solid con¬ 
ductors are immersed in a conducting liquid. The solid conductors are 
called electrodes, and the conducting liquid is called the electrolyte. 
Such a combination of chemicals resulting in the production of an e.m.f. 
is called a voltaic cell. A battery may consist of a single cell or a com¬ 
bination of cells. The voltage of a cell depends upon the material 
of the electrodes and the electrolyte and is independent of the dimensions 
of the cell. The current and power capacity of a cell are, however, 
directly dependent upon the dimensions of the cell and the weight of 
active material in the electrodes. Although there are an infinite number 
of different combinations of electrodes and electrolytes which will produce 
a voltaic cell, there are only a limited number of combinations which are 
practicable. 

137. Classifications of Batteries. —For practical purposes, batteries 
may be classified as primary and secondary. A primary battery is 
used only for discharge (conversion of chemical energy into electrical 
energy). As such a battery is discharged, the material of one of the 
electrodes goes into solution in the electrolyte. The electrode is thus 
consumed, and the character of the electrolyte altered so that with 
primary batteries it is necessary to renew from time to time both the 
electrode which goes into solution and the electrolyte. A secondary 
battery is alternately discharged and charged. As a battery discharges, 
the electrodes and electrolyte undergo chemical changes. After a second- 
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ary battery has been discharged, the electrodes and electrolyte can be 
restored to their original charged condition by passing a current through 
the battery in the reverse direction from that of discharge. In charging 
a battery, electrical energy is transformed into chemical energy. Second¬ 
ary batteries are generally called storage batteries. 

138. The internal resistance of batteries is the resistance offered to the 
flow of current inside the battery, due to its electrodes and electrolyte. 
Owing to this internal resistance, the voltage at the terminals of a battery 
is less when it is discharging than when it is on open circuit. The internal 
resistance of a battery will change with the condition of discharge. As 
the battery discharges, the internal resistance increases, so that the ter¬ 
minal voltage decreases as the battery discharges. The terminal voltage 
of a battery is thus dependent upon the rate of discharge and the length 
of discharge. The voltage of a battery will decrease rather slowly as the 
battery discharges until nearly all the active material of the electrode 
has gone into solution. The battery is then discharged, and the voltage 
will drop rapidly to a very low value with any further attempt to 
discharge. 


PRIMARY BATTERIES 

139. The standard Daniell’s cell is a primary cell which has an e.m.f. 
which is practically 1 volt when delivering a constant current. There are 
many forms of Daniell’s cell, each of which is particularly adapted to 
certain service but all having very nearly the same e.m.f. (1.07 4* volts). 
The e.m.f. is not changed appreciably by the degree of concentration of 
the solutions, by the temperature, by the resistance, or by the purity of 
the zinc or copper, etc. In short, it makes a very good rough-and-ready 
standard. 

A very good model is that used by the British Post Office. The jar 
is made with two compartments: one containing a porous cup immersed 
in water, in which are placed a copper plate and crystals of copper sul¬ 
phate, the other containing a zinc plate and a 50 per cent saturated 
solution of zinc sulphate. The zinc plate is fastened so as to be just 
clear of the solution, and a pencil of zinc is placed in the bottom. When 
in use, the porous cup is placed in the second compartment, thus raising 
the level of the zinc solution so as to immerse the zinc. Under working 
conditions the e.m.f. is about 1.07 volts; when new it is about 1.079 volts. 

140. The gravity-type primary cell, which is used in telegraph work, is 
suitable for closed-circuit work but should not be used for applications 
where it is apt to stand for a long time on open circuit. 

141. In Betting up the gravity cell, place the copper electrode (—) in 
the bottom of the jar and pour in about 3 lb. of copper sulphate crystals. 
Next place the zinc electrode (+) and fill with water to cover the zinc; 
to the water add a tablespoonful of sulphuric acid. Cover the electrolyte 
with a layer of pure mineral oil, which should be free from naphtha or 
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acid and have a flash point above 400°F. If the oil is not used, the creep¬ 
ing can be stopped by dipping the edge of the jar in hot paraffin. When 
the cell is thus set up it should be short circuited for a day or two to form 
zinc sulphate which will protect the zinc electrode; this preliminary run 
also reduces the internal resistance. The temperature of the cell should 
be kept above 70°F., since the resistance increases rapidly with a decrease 
in temperature. 

The internal resistance of the gravity cell is ordinarily from 2 to 3 ohms. 
A blue color in the bottom of the cell denotes a good condition, but a 
brown color shows that the zinc is deteriorating. When renewing the 
copper sulphate it is best to empty the cell and set it up with a completely 
new electrolyte. The blue line, which marks the boundary between 
the copper sulphate and the zinc sulphate, should stand about halfway 
between the electrodes. If it comes too close to the zinc, some of the 
copper sulphate can be siphoned out or the cell can be short-circuited so 
as to produce more zinc sulphate. If the blue line goes too low, some 
water and crystals of copper sulphate should be added. 

142. The Fuller cell is well adapted to telephone work or any inter¬ 
mittent work. It can stand on open circuit for several months at a tune 
without any appreciable deterioration. 

143. The Fuller cell is set up as follows: Mix the electrolyte bv adding 
6 oz. of potassium bichromate and 17 oz. of sulphuric acid to 56 oz. of 
soft water; pour this mixture into a suitable glass jar. Into a suitable 
porous cup put 1 teaspoonful of mercury and 2 teaspoonfuls of salt; place 
the cup and a zinc electrode in the glass jar and fill to within 2 in of the 
top with soft water. Put on the cover, insert a carbon electrode, and the 
cell is ready for use. 

The color of the solution is orange when in working order. The resist¬ 
ance varies from 0.5 to 4 ohms depending upon the condition and dimen¬ 
sions of the porous cup and upon the concentration of the solution. 

144. The Lalande cell, frequently called the caustic soda cell, is suitable 
for either open- or closed-circuit woik. The mechanical construction of 
this cell is especially good. The positive pole is a plate of compressed 
oxide of copper, the surfaces of which are reduced to metallic copper to 
improve the conductivity. This form of plate also acts as a depolarizer. 
The negative pole is of pure zinc amalgamated throughout by adding 
mercury when the casting is made. The electrolyte is a solution of caustic 
soda. The top of the solution is covered with a heavy mineral oil to 
prevent the solution from evaporating. 

The e.m.f. of all types and sizes of caustic soda cell initially is approxi¬ 
mately 0.90 volt per cell. The voltage on closed circuit will depend upon 
the rate of discharge and the size of cell. Typical voltage characteristics 
are shown in Fig. 216. The larger sizes having lower internal resistance 
will of course have a higher voltage for a given rate of discharge than the 
smaller cells under similar conditions. For ordinary purposes, however, 
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it is safe to figure a mean effective voltage of approximately 0.67 volt per 
cell at normal temperature 



I Assembled cell. II Renewal paits 

A Bottle of battery oil 
B Cylinder element 
C Can of caustic soda 

Fig. 209.—Unit cylmdei type of caustic soda pninaiy battery. (Waterbury 

Battery Co ) 



I In barrel-shaped II In cylindrical III In rectangular 
jar, size over all, 7}£ in jai, size over all, 6j^ jar; size over ail, 5%6 

diameter by 11 3 4 in. high in. diameter by 12 3 £ by 6 9^6 by 12 m. 

m high 

Fig. 210.—Types of jar for Waterbury unit cylinder primary batteries. 

145. Primary batteries of the caustic soda type are manufactured by 
the Waterbury Battery Co in several types to meet the requirements of 
various kinds of service as listed on page 518. 
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Railroad automatic semaphore signals. 

Light signals, highway-crossing bells. 

Telephone and telegraph systems. 

Fire and burglar alarms, police signals. 

Annunciators, scientific apparatus. 

Schoolhouse systems. 

Gas-engine ignition. 

Program and self-winding clocks. 

The unit-cylinder type of cell* (Fig 209) consists of permanent or inac¬ 
tive parts—jar, cover, terminal nuts, and washers—and active or renewal 
parts—cylinder element, can of caustic soda, and bottle of battery oil 
They are available in different types of glass jars as shown in Fig. 210. 





Fig. 211.—Appear¬ 
ance at about 375 
amp.-hr. 



Fig. 212.—Appear¬ 
ance at about 475 
amp -hr. 



Fig. 213.—Appear¬ 
ance at about 500 
amp.-hr. 


Cells of 250-, 300-, 500-, and 1,000-amp-hr. capacity are available. 
These batteries are so designed that visual indication is given of the degree 
of exhaustion of the cell, as explained below: 

1. The first indication of approaching exhaustion occurs at about 
375 amp.-hr. when, under ordinary conditions of discharge, small holes 
appear above the reinforcing rib and gradually encircle the zinc (see Fig. 
211 ). 

2. From that point the zinc is gradually consumed at the bottom, until 
the lower rib has been eaten away, which will be at about 475 amp.-hr. 
(see Fig. 212). 

3. The zinc is then consumed from the bottom upward until about 2 in. 
only of the zinc remains (see Fig. 213) when the rated capacity, 
500 amp.-hr. f has been used; but there is still considerable capacity 
remaining, the amount depending upon the nature of the work and general 
service conditions. 
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4. After the small holes appear (see Fig. 211) there will be approx* 
mately one-quarter of the rated life of the cell still available for use. 

After a substantial part of the zinc has disappeared (see Fig. 213) the 
cell must be watched carefully to procure maximum life without failure, 



Fig. 214. —Completely Fig. 215.-~ 5 0 0- 

exhausted. ainp.-hi. high-amper- 

age caustic soda cell 
complete. ( W a te r - 
bury Battery Co.) 

taking into consideration the class of service for which the battery is being 
used. 

A high-amperage cell (Fig. 215) is made for railroad signal work for 
installations which require a cell capable of maintaining its voltage at 



Fig. 210. - Comparison of the performance of the new 500-amp.-hr. 
battery on continuous discharge with that of the unit cylindei (“U. C.") cell 
(broken line). Temperature of electrolyte 1°C. 

high-amperage discharge rates. A comparison of the voltage-discharge 
characteristics of the regular cells and the high-amperage cell is given in 
Fig. 216. 

146. The Following Instructions Are Given by the Water bury Battery 
Co. for Setting Up or Renewing Their Cells. —Remove all packing material 
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from the new elements; then clean the jars and examine them for cracks. 
Cracked jars should not be used. 

Mixing the Solution. —Fill each jar to 1 3 4 in. from top with clear water. 
Disregard any ridges or colored lines in the jars, as they may not be prop¬ 
erly located for unit-cylinder elements. 

The ordinary water to be had at most locations should be suitable for all 
practical purposes, but water containing an excess of iron, lime, copper, 
sulphur, etc., should not be used. 

Pour contents of one can of soda in each jar slowly and stir with a 
slender stick until soda is thoroughly dissolved. 

It is of the utmost importance that the right amount of water bo used 
with each cell, together with the full can of soda of the special grade 
supplied with all Waterburv complete colls and renewals. The capacity 
and the density of the solution depend upon the use of a sufficient amount 
and the proper proportioning of the soda and water. This is one of the 
most important elements in the operation of the battery. 

Caution.—The jar should be filled with water to 1 3 4 in. from the top 
before adding any of the soda, and care should be used in mixing the solu¬ 
tion to avoid splashing or spilling after soda is added, as it will burn the 
skin or clothing. If it is splashed on the skin, remove quickly by wash¬ 
ing with water or vinegar. The soda should be thoroughly dissolved 
before the elements are inserted. 

Inserting the Elements. —Fasten the new elements securely to covers 
and immerse slowly in the solution. It is not necessary to wait for the 
solution to cool, but it is better to do so if the cells are not to be placed on 
discharge immediately after being set up. 

Pouring In the Oil.—After the elements have been immersed, move 
covers slightly and pour contents of one bottle of oil in each cell. 

The oil should not be omitted, and it should not be poured on the solu¬ 
tion before immersing the elements. If dry copper oxide elements are 
passed through the oil, some of the oil may be absorbed, and this will 
impair the efficiency of the clement. 

When cells are set up or renewed in accordance with these directions, 
they are ready for use as soon as they are properly connected to the circuit. 
No short-circuit or preliminary discharge is necessary, as the compressed 
copper oxide elements are wound with zinc-coated wire, which ensures 
good internal conductivity as soon as the elements are immersed in the 
solution. 

147. The Waterbury Telecell (Fig. 217) was designed to fill the need of 
a primary battery cell that could be absolutely depended upon to deliver 
relatively large amounts of current continuously or intermittently, that 
would not dry out or lose capacity in stock or in service, and that would 
be flexible in its service applications. 

This is a cell assembled ready to use, except for the addition of water to 
form the electrolyte. 
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All elements are sealed in an airtight glass jar, making a self-contained 
compact unit but slightly larger than the standard-sized dry cell— 2 % in. 
in diameter by 9 in. high. 

The Telecell is especially applicable to telephone or other service where 
dry cells are generally used. It is, however, equally suitable for open 
circuit (intermittent discharge) or closed circuit (continuous discharge) 
giving excellent service under wide variations in discharge rates and 
temperatures as well as under normal conditions. The solution will stand 
temperatures lower than — 20°F. It is particularly well adapted for 
continuous closed-circuit work, because its low internal resistance and 
effective depolarization result in the voltage, at normal discharge rates, 
being practically constant throughout the life of the cells. It is also 
highly economical for open-circuit work because of 
the higher voltage available for intermittent contacts 
of short duration. 

The long life of the Telecell makes for less fre¬ 
quent replacement, thereby effecting considerable 
saving in maintenance costs as, in many instances, 
the labor and other costs incidental to dry-cell 
replacement are more than the cost of the cells. The 
Telecell gives an advance indication of approaching 
exhaustion which assists in reducing maintenance and 
enables the full life of the cell to be utilized. 

147A. The Leclanch6 cell is adapted only to inter¬ 
mittent work such as bells, telephones, etc. It is 
cheap and easy to maintain. 

147B. The Leclanche cell is set up as follows: Put 
3 or 4 oz. of sal ammoniac in the jar; pour about one- 
third full of water and stir until the sal ammoniac is 
all dissolved; place the carbon electrode in the porous 
cup and pack manganese dioxide and crumbled carbon 
around it; then insert the porous cup and the zinc 
electrode into the jar, and the cell is ready for use. 

Practically the only attendance consists in renewing the evaporated 
water. The zinc is replaced when worn out. When it becomes necessary 
to add sal ammoniac the solution should be thrown out and a new one 
made. If the porous cell becomes clogged, soaking in warm water will 
improve it. 

The resistance depends upon the dimensions of the electrodes, the state 
of the porous cup, and the condition of the cell. Under proper working 
conditions and with a carbon electrode having about 8 sq. in. of surface, 
the resistance will be about 1.5 ohm. 

147C. The modern dry cell is a modification of the Leclanch 6 cell. 
The chief difference is that only sufficient water is added to its electrolyte 
to moisten an absorbent lining of pulpboard, blotting paper, cheesecloth, 


5 % , 

Fig. 217.— 
Waterbury Tele¬ 
cell; size over all, 
2 % in. diameter 
by 9 in. high. 
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or starch paste. This lining separates the positive and negative poles. 
The negative pole, which also serves as a container, is usually a hollow 
sheet-zinc cylinder, 6 in. high and in. in diam. The bottom of this 
cylinder is also, usually, made of zinc. A majority of the dry cells made 
in the United States are, probably, of these dimensions. The positive 
pole is a carbon rod which may be either smooth cylindrical or fluted. 
The absorbent layer above mentioned is placed next to the zinc and is 
saturated with a solution of sal ammoniac and zinc chloride. The space 
between this lining and the carbon electrode is filled with a mixture 
of granulated carbon and manganese dioxide, the latter being the 
depolarizer. The top of each cell is usually sealed with a pitch 
compound. When exhausted, the cell is thrown away. Frequently 
the life may be extended by punching a hole in the top and pouring in 
water. 


STORAGE BATTERIES—GENERAL 

148. A storage battery is a device which may be used repeatedly for 
storing energy at one time in the form of chemical energy for use at 
another time in the form of electrical energy. It consists of two kinds of 
plates bearing the necessary electrochemically active materials immersed 
in a proper solution. The solution is called the electrolyte. Charging 
a battery consists of connecting the two terminals to a d-c supply of 
proper polarity for a sufficient length of time. Electrical energy is 
delivered by the d-c supply to the battery, in which it produces certain 
chemical reactions so that the energy is converted into chemical energy. 
If a charged battery has its two terminals connected through a closed 
external electric circuit, the active materials of the plate will react 
chemically with the electrolyte, producing a flow of current in the circuit. 
This conversion of chemical energy into electrical energy is called dis¬ 
charging the battery. Charging is the process of putting energy into the 
battery (delivering energy to the battery), while discharging is the process 
of taking energy from the battery (battery delivering energy to external 
electric circuit). 

149. Storage cell is the name given to the fundamental unit of any 
storage battery. It consists of one positive plate or a group of positive 
plates electrically connected together, one negative plate or a group of 
negative plates electrically connected together, separators, electrolyte, 
and a suitable container. A storage battery may consist of a single cell or 
a group of cells electrically interconnected. 

150. Types of Storage Batteries. —Storage batteries may be classified 
in two ways as follows: 

1 . According to fundamental type of service for which it is suitable. 

a. Stationary. 

b. Portable. 
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2. According to fundamental materials of construction. 

a. Lead-acid. 

b. Nickel-iron-alkaline. 

Stationary batteries are those designed for service in a permanent 
location. 

Portable batteries are those designed for service requiring the trans¬ 
portation of the batteries during service. 

151. Storage-battery Terminology. —The following definitions of terms 
are taken from the standards of the American Institute of Electrical 
Engineers. 

Active Materials. —Materials of plates reacting chemically to produce 
electrical energy during the discharge. The active materials of storage 
cells are restored to their original composition, in the charged condition, 
by oxidation or reduction processes produced by the charging current. 

Grid.—A metallic framework for conducting the electric current and 
supporting the active material. 1 

Positive Plate. —The grid and active material from which the current 
flows to the external circuit when the battery is discharging. 

Negative Plate. — The grid and active material to which the current 
flows from the external circuit when the battery is discharging. 

Electrolyte.—An aqueous solution of sulphuric acid used in lead cells 
and of certain hydroxides used in nickel-iron-alkaline cells. 

Separator. —A device for preventing metallic contact between the plates 
of opposite polarity within the cell. 

Group. —Assembly of a set of plates of the same polarity for one cell. 

Element. —The positive and negative groups with separators assembled 
for a cell. 

Couple. —The element of a cell containing two plates, one positive and 
one negative. This term is also applied to a positive and negative plate 
connected together as one unit for installation in adjacent cells. 

Jar .—The container for the element and electrolyte of a cell. Specif¬ 
ically a jar for lead-acid cells is usually of hard-rubber composition or 
glass; but for nickel-iron-alkaline cells it is a nickel-plated steel container 
frequently referred to as a “can.” 

Tank. —A lead container, supported by wood, for the element and 
electrolyte of a cell. This is restricted to some relatively large types of 
cells. 

Case. —A container for several cells. Specifically wood cases are con¬ 
tainers for cells in individual jars; rubber or composition cases are pro¬ 
vided with compartments for the cells. 

Tray. —A support or container for one or more cells. 

Terminal Posts. —The points of the cell or battery to which the external 
circuit is connected. 

1 In certain types of batteries the active material is enclosed in containers which are 
held in place by the grid. 
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End Cells. —The cells of a battery which may be cut in or out of the 
circuit for the purpose of adjusting the battery voltage. 

Pilot Cell. —A selected cell whose temperature, voltage, and specific 
gravity of electrolyte are assumed to indicate the condition of the entire 
battery. 

Ampere-hour Capacity. —The number of ampere-hours which can be 
delivered by a cell or battery under specified conditions as to temperature, 
rate of discharge, and final voltage. 

Watt-hour Capacity. —The number of watt-hours which can be 
delivered by a cell or battery under specified conditions as to temperature, 
rate of discharge, and final voltage. 

Time Rate. —The rate in amperes at which a battery will be fully dis¬ 
charged in a specified time, under specified conditions of temperature and 
final voltage, as, for example, the 8-hr. rate or the 20-min. rate. 

Open-circuit Voltage. —The voltage of a cell or battery at its terminals 
when no current is flowing. For the purpose of measurement, the small 
current required for the operation of a volt-meter is usually negligible. 

Closed-circuit Voltage. —The voltage at the terminals of a cell or bat¬ 
tery when current is flowing. 

Average Voltage. —The average value of the voltage during the period 
of charge or discharge. It is conveniently obtained from the time integral 
of the voltage curve. 

Initial Voltage. —The voltage of a cell or battery at the beginning of a 
charge or discharge. It is usually taken after t he current has been flowing 
for a sufficient period of time for the rate of change of voltage to become 
practically constant. 

Final Voltage. —The prescribed voltage upon reaching winch the dis¬ 
charge is considered complete. The final voltage is usually chosen so that 
the useful capacity of the cell is realized. Final voltages vary with the 
type of battery, the rate of the discharge, temperature, and the service in 
which the battery is used. 

Polarity. —An electrical condition determining the direction in which 
current tends to flow. By common usage the discharge current is said to 
flow from the positive or peroxide plate through the external circuit. In 
a nickel-iron-alkaline battery the positive plate is that containing nickel 
peroxide. 

Charge. —The conversion of electrical energy into chemical energy 
within the cell or battery. This consists of the restoration of the active 
materials by passing a unidirectional current through the cell or battery in 
the opposite direction to that of the discharge. A cell or battery which is 
said to be “ charged ” is understood to be fully charged. 

Charging Rate. —The current expressed in amperes at which a battery 
is charged. 

Constant-current Charge. —A charge in which the current is maintained 
at constant value. For some types of lead batteries this may involve two 
rates called the starting and the finishing rates. 
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Constant-voltage Charge. —A charge in which the voltage at the ter¬ 
minals of the battery is held at a constant value. A modified constant- 
voltage system is usually one in which the voltage of the charging circuit 
is held substantially constant, but in which a fixed resistance is inserted in 
the battery circuit producing a rising voltage characteristic at the battery 
terminals as the charge progresses. This term is also applied to other 
methods for producing automatically a similar characteristic. 

Boost Charge. —A partial charge, usually at a high rate for a short 
period. 

Equalizing Charge. —An extended charge given to a battery to ensure 
the complete restoration of the active materials m all the plates of all the 
cells. 

Trickle Charge. —A continuous charge at low rate approximately equal 
to the internal losses and suitable to maintain the battery in a fully 
charged condition. This term is also applied to very low rates of charge 
suitable not only for compensating for internal losses but to restore 
intermittent discharges of small amount delivered from time to time to the 
load circuit. 

Finishing Rate.—The rate of charge expressed in amperes to which the 
charging current for some types of lead batteries is reduced near the end of 
charge to prevent excessive gassing and temperature rise. 

Discharge.—The conversion of the chemical energy of the battery into 
electrical energv. 

Reversal.—Change in normal polarity of a storage cell. 

Local Action or Self-discharge.—The internal loss of charge which 
goes on continuously within a cell regardless of connections to an external 
circuit. 

Floating.—A method of operation in which a constant voltage is applied 
to the battery terminals sufficient to maintain an approximately constant 
state of charge. 

Specific Gravity of Electrolyte.—The electrolyte of lead-acid batteries 
increases in concentration to a fixed maximum value during charge and 
decreases during discharge. The concentration is usually expressed as 
the specific gravity of the solution. This variation of specific gravity 
of the solution affords an approximate indication of the state of 
charge. 

The specific gravity of the electrolyte in nickel-iron-alkaline batteries 
does not change appreciably during charge or discharge and therefore 
does not indicate the state of charge. The specific gravities, however, are 
indication of the electrochemical usefulness of the electrolyte. 

Gassing. —The evolution of oxygen or hydrogen, or both. 

Efficiency. —The ratio of the output of a cell or battery to the input 
required to restore the initial state of charge under specified conditions of 
temperature, current rate, and final voltage. 

Ampere-hour Efficiency (Electrochemical Efficiency).—The ratio of ttie 
ampere-hours output to the ampere-hours of the recharge. 
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Volt Efficiency. —The ratio of the average voltage during the discharge 
to the average voltage during the recharge. 

Watt-hour Efficiency (Energy Efficiency).—The ratio of the watt-hours 
output to the watt-hours of the recharge. 

General. —Batteries are usually rated in terms of the number of ampere- 
hours which they are capable of delivering when fully charged and under 
specified conditions as to temperature, rate of discharge, and final voltage. 
For different classes of service, different time rates (see definition of time 
rate) are frequently used. For comparing the capacities of batteries of 
different size but of the same general design, it is customary to use the 
same time rate, and a comparison based on the different lengths of time 
they will discharge at the same rate is not recommended, as it is misleading. 

Misrating. —A battery which fails to deliver its rated capacity on the 
third successive measured cycle of charge and discharge under specified 
current rates, temperature of electrolyte, specific gravity, and final volt¬ 
age shall be considered to be improperly rated. 

LEAD-ACID BATTERIES 

162. Lead-acid Batteries. 1 —In the charged condition the active mate¬ 
rials consist of lead peroxide on the positive plate and sponge lead on the 
negative plate. The electrolyte is a mixture of sulphuric acid and water. 
The strength of the electrolyte is measured in terms of specific gravity, 
which is the ratio of the weight of a given volume of electrolyte to an 
equal volume of water. Concentrated sulphuric acid has a specific 
gravity of about 1.830; water has a specific gravity of 1.000. The acid 
and water are mixed in a proportion to give the specific gravity desired. 
For example, an acid manufacturer to supply electrolyte of 1.210 gravity 
will mix roughly about 1 part of concentrated acid to 4 parts of water. 

In a fully charged battery all the active material of the positive plates is 
lead peroxide, and that of the negative plates is pure sponge lead. In a 
fully charged battery all the acid is in the electrolyte, and the specific 
gravity is at its maximum value. The active material of both the positive 
and negative plates is porous so that it has absorption qualities similar to a 
sponge, and the pores are therefore filled with some of the battery solu¬ 
tion. As the battery discharges, the acid, which is in the pores of the 
plates, separates from the electrolyte, forming a chemical combination 
with the active material, changing it to lead sulphate. As the discharge 
continues, additional acid is drawn or diffused from the electrolyte into the 
pores of the plates, and further sulphate is formed. It can be readily 
understood that, as this process continues, the specific gravity of the 
electrolyte will gradually decrease, because the proportion of acid is 
decreasing. On charge the reverse action takes place: the acid in the 

1 A large portion of the following information in this section on lead-acid batteries 
has been taken from the literature of the Electric Storage Battery Co. 
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Hulphated active material is driven out and back into the electrolyte. 
This return of the acid to the electrolyte increases the specific gravity, so 
that it will continue to rise until all the acid is driven out of the plates and 
back into the electrolyte. After all the acid is driven back into the 
electrolyte, further charging will not raise the specific gravity any 
higher, as all the acid in the cells is in the electrolyte, and the battery is 
said to be fully charged. The material of the positives is again lead 
peroxide and that of the negatives is spongy lead; the specific gravity is 
maximum. 

Practically speaking, on discharge the plates absorb acid, and the 
specific gravity of the electrolyte decreases. On charge the plates return 
the absorbed acid to the electrolyte and the specific gravity increases. 
Figure 218, showing a cell charged, discharging, discharged, and charging, 


+ 



12 3 4 

CHARGED DISCHARGING DISCHARGED CHARGING 

Fig. 218.—Chemical action in a cell on cycle of discharge and charge. 


illustrates clearly the chemical action which takes place on charge and 
discharge. 

When a cell is fully charged [Fig. 218(1) of the diagram], the negative 
plate is lead sponge, Pb, the positive plate is lead peroxide, Pb0 2 , and the 
specific gravity of the electrolyte (sulphuric acid, H 2 S0 4 , and water, H 2 O), 
is at its maximum. Chemical energy is stored in the cell in this condition. 

When a cell is put on discharge [Fig. 218(2)1, the H 2 SO 4 of the acid 
is divided into H 2 and SO*. The H 2 passes in the direction of the current 
to the positive plates and combines with some of the oxygen of the lead 
peroxide and forms H 2 0; the S0 4 combines with the liberated Pb of the 
positive plate to form lead sulphate. The S0 4 also forms lead sulphate 
at the negative or lead sponge (Pb) plate. As the discharge progresses, 
both plates finally contain considerable lead sulphate, PbS0 4 [see Fig. 
218(3)]. The water formed has diluted the acid, lowering the specific 
gravity of the electrolyte. When the plates are entirely sulphated, 
current will cease, since the plates are then identical, and any active 
electric cell requires two dissimilar plates in electrolyte. In common 
practice, however, the discharge is always stopped before the plates have 
become entirely reduced to lead sulphate. 
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During charge [Fig. 218(4)], the lead sulphate, PbSC> 4 , on the positive 
plate is converted into lead peroxide, Pb(> 2 , while the lead sulphate on 
the negative plate is converted into sponge lead, Pb, and the electrolyte 
gradually becomes stronger as the SO 4 from the plates combines with 
hydrogen from the water to form acid, H2SO4, until no more sulphate 
remains and all the acid has been returned to the electrolyte. It will 
then be of the same strength as before the discharge, and the same acid 
will be ready to be used over again during the next discharge. 

153. Change in Electrolyte during Charge and Discharge. —During 
discharge, as stated in Sec. 152, some of 
the acid leaves the electrolyte and com¬ 
bines with the plates. During charge, 
the acid which has been absorbed by the 
plates is driven back into the electrolyte. 
When all the acid has been driven back 
into the electrolyte, the battery is fully 
charged. 

When all the acid has been driven into 
the electrolyte, the electrolyte is stronger 
than when some of the acid is in the 
plates. This strength is measured in 
terms of specific gravity. The specific 
gravity of the electrolyte, therefore, 
changes as the battery charges or dis- 
charges. It falls on discharge and rises 
on charge. It is, then, an excellent indi¬ 
cation of the state of charge of a battery, 
being greatest when the cell is fully 
charged and least when discharged. 

The difference between the full charge 

Hydrometer reading 1280 Hydrometer reading ^ discharge values of t he gravity de- 

, T IC *; 219 ‘ IUus i r f tm «. ? se pends upon the type of cell under con- 
specific gravity of electrolyte, sideration. *or example, for the type of 

cell in use in starting work in automobiles, 
the full-charge gravity in temperate climates is 1.280, discharged 1.150. 

The specific gravity of the electrolyte is readily determined by means 
of a float called a hydrometer. With a high specific gravity, the hydrom¬ 
eter or float does not sink so far in the electrolyte as it does when the 
specific gravity is low (see Fig. 219). 

154. Voltage Characteristics. —The voltage of each cell is approxi¬ 
mately 2 volts on an open circuit but is higher than this when the battery 
is being charged and lower when being discharged. The nominal voltage 
of a battery is, therefore, the number of cells multiplied by two. 

The voltage at any time on discharge or charge depends upon several 
factors, such as the current rate, the state of charge or discharge, and 
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the temperature. No general averages to cover all conditions can there¬ 
fore be given. In usual 6- to 8-hr. discharge service, the average cell 
voltage (Sec. 151) during discharge is roughly 1.95 volts with a final volt¬ 
age of about 1.75 volts. As soon as the cell is put on charge its 
voltage rises to about ^4 

2.15 volts and then in- „ _ 

creases during charge *^2.0 = J — J —1—1— i--j- 

until at the end it is == -—1“ ~ 

between 2.4 and 2.7, o ZZZ Z 

depending upon local j ^ 11 11 11 11 11 11 1 11 11 1 
conditions. The aver- 0 12 3 4 5 6 

age voltage during the Hours discharge 

entire charge is usually Fig. 220.—Type MVM Exide—Ironclad 

considered to be 2.33 characteristics at the 6-hr. rate. 

. {The Electric Storage Battery Co.) 

volts. 

Typical voltage-discharge characteristics are given in Figs. 220 and 
221. The effect of the discharge rate upon the voltage characteristics 
is shown in Fig. 222. 

166. High discharge rates (amperes) are often confused with over¬ 
discharge (too many ampere-hours taken out).—A lead-acid battery of the 




i.2 LL . 1 . . 1 . i . LI i i J ...J . J mm 

0 10 20 30 40 50 60 70 

Amperes discharge rate 

Fig. 222.— Typo MVM Exide-Ironclad initial, average, and final volts at 
various discharge rates. {The Electric Storage Battery Co.) 


type sold under the trade names Exide, Chloride, and Ironclad may be 
discharged, without injury to the plates, at any rate of current that it 
will deliver. The maximum permissible rate of discharge is limited only 
by the current-carrying ability of the wiring, motor, or other apparatus 
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to which the battery is connected or by the current-carrying ability of the 
cell terminals and connectors and not by the plates themselves. 

166. Rating of Lead-acid Batteries.—All batteries are given a normal- 
ampere-hour-capacity rating based on a certain time rate of discharge 
under specified conditions of temperatures and final voltage. For 
example, a certain battery may have an 8-hr. rating of 1,000 amp.-hr. 
discharging to' 1.75 volts per cell at a temperature of 77°F. 

The ampere-hour capacity of a battery depends upon the amount of 

available active material in the 
plates that may be reached by 
the electrolyte, the amount of 
sulphuric acid in the electrolyte, 
the rate of discharge, and the 
allowable safe limit of discharge. 
To produce an ampere-hour of 
electricity on discharge requires 
the combination of a certain 
amount of sponge lead (negative 
active material) and a certain 
amount of peroxide of lead 
(positive active material) with 
a certain amount of sulphuric 
acid from the electrolyte. The 
allowable rating therefore de¬ 
pends upon the construction of 
the plates and the number of 
plates that are constructed in 
parallel on each side of the 
battery. 

167. Effect of Discharge Rates 
on Discharge Capacity of Lead- 
acid Batteries. —The useful am¬ 
pere-hour capacity of a storage 
battery depends on the rate of 
discharge and is greater for a 
long low rate or intermittent rate than for a short high rate. Any partic¬ 
ular battery is given a so-called normal rate. This so-called normal rate 
is not the capacity obtainable under all conditions. Each different rate 
of discharge governs the available capacity that may be obtained from 
the battery. 

When discharged continuously at a constant rate, the available 
ampere-hour capacity of a battery is a function of the rate of discharge, 
the available capacity being lower at the higher rates, as is Bhown in 
Fig. 223. The reduction in available capacity at high-rate continuous 
discharge is due to depletion of the acid in the pores of the plates. The 



Minutes Hours 

Elapsed time for complete discharge 
Fig. 223.--Curve illustrating effect 
of discharge rate upon available ampere- 
hour capacity of lead-acid storage 
batteries. (The Electric Storage Battery 
Co.) 
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depletion is due to the fact that at high rates of discharge the acid 
in the pores of the plates combines with the active material and is with¬ 
drawn from the solution more rapidly than it can be replenished by diffu¬ 
sion from the free electrolyte in the cell. It is this limitation of available 
acid in the pores of the plates that limits the capacity at high continuous 
rates of discharge, rather than any limitation due to the plates them¬ 
selves. This explains the fact that, after a battery is exhausted at a 
high discharge rate, the balance of its normal capacity can be obtained 
by continuing the discharge at lower rates, or by allowing the battery to 
recuperate while standing on open circuit for a time and then continuing 
the high-rate discharge. For this reason also, as stated in Sec. 155, 
it is impossible to damage the plates by overdischarge at high rates, as 
the voltage of the battery will drop below a usable value before the active 
material in the plates is discharged to the danger point. 

Figure 223 shows the available capacity per positive plate of an Exidc- 
Ironclad battery when discharged continuously, in varying lengths of 
time. 

If a battery is discharged intermittently, it is evident that during 
periods of rest between discharges diffusion will continue, thus renewing 
the strength of acid in the pores of plates and increasing the available 
capacity corresponding to the discharge rate. The rate of diffusion 
depends on the difference in strength of the acid in the pores and that 
outside the plates, and if this difference is great the diffusion is rapid at 
first but decreases as they become more nearly equal. It follows from 
this reasoning that the reduction in available capacity due to high rates 
of discharge largely disappears when the discharge is intermittent. 

If the total elapsed time during which discharges are made is greater 
than 6 hr., and if the discharges are distributed throughout that time so 
that there is time for this diffusion to take place, the full 6-hr. capacity 
of the battery will be available regardless of the rates at which the dis¬ 
charges are taken. 

An illustration of the effect of acid diffusion is given in Fig. 224, which 
shows a test made on a cell of the type used in submarine boats by the 
IT. S. Government. 

This cell has a rated capacity of 3,000 amp. for 1 hr. The curve shows 
it to have been discharged at that rate for 58 min., at which time it was 
practically exhausted at that rate, and if the discharge had been continued 
at that rate the voltage would have fallen rapidly. The rate of discharge 
was, however, reduced to 1,350 amp. and continued for 45 min.; then to 
910 amp. for 30 min.; then to 525 amp. for 1 hr. and 20 min., and finally 
to 300 amp. for 3 hr. and 15 min. At each reduction in the rate of 
discharge the rate of acid absorption by the plates was reduced, thus 
allowing diffusion to strengthen the acid in the pores of the plate and so 
allowing the discharge to be Continued. In each case the voltage at the 
lower discharge rate was higher than the voltage at the preceding higher 
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rate. During the 300-amp. discharge it will be noted that th» voltage 
continued to rise for over an hour after the start at that rate, showing 
that the acid from the free electrolyte was entering the pores of the 
plates faster than it was being absorbed. 

The curve showing ampere-hour output shows that 6,000 amp.-hr. 
was delivered by the cell and that after the battery had been exhausted at 
the high rate of discharge as much more energy was still available at 
lower rates. 

168. Discharge Limits of Lead-acid Batteries. —In an emergency, little 
if any permanent harm will result if the battery is discharged to the full 
amount that it will give, provided that it is promptly recharged. 


£ 1.8 
*.r 


3000 
2500 
£2000 
11500 
< 1000 


500 

0 









-1-!-1- 

Cell voltage 







zr 



r 











S Du 


'effk. 







JOOi 

7gy/ 77 / 

is 5t 

min 

gravity ofe/ecfn 

’ilyte 






— 













Affli 

pert 

nou 









7" 

rn ~ 


vfr- 










7 


”1 9/Oamns 30 m 

n 








7^ 




? Omm 





1 




_ 

[I 

_ 

\ dOOamps Jhrs tbmm 


zniifnzn 

□L 


lhr 2hrs 3hrs 


_i— 1 — 1—1 i 1 1 _ 1 — 


4 hrs 


5hrs 6 hrs 7hrs 


I300J5 

12001 
3 

1100-^6000 
| 5000 

£ 

£<000J 

fjooot 

S'2000 It 

J.I000 < 
0 


0153045 153045 153045 153045 153045. 153045 16304560 
Time of discharge in hours and minutes 
Fig. 224.—Curves showing effect of acid diffusion in lead-acid storage bat¬ 
teries on intermittent discharge. {The Electric Storage Battery Co.) 


It has already been pointed out that the drop in specific gravity of 
electrolyte should not exceed a certain definite value, which varies accord¬ 
ing to the type of cell and will be furnished on application to the manu¬ 
facturer. 

The danger of harm from overdischarge may be illustrated by a com¬ 
parison between the active material of the plates and the action which 
goes on when some of the electrolyte is allowed to act oil copper wiring 
terminals of a battery. It is noticeable that a comparatively large 
amount of copper sulphate is formed when only a small quantity of the 
metal is eaten away by the acid. In the same manner, when the acid 
combines with the lead in the active material, the resulting lead sulphate 
occupies more space than the active material from which it is formed. 
The active material of all battery plates *is porous, and this expansion 
of the sulphated material is accommodated by reduction in the size of 
pores in the active material. All battery plates are designed to accom- 
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modate a certain amount of this expansion of the active material during 
sulphation, and in batteries of the type under consideration this is limited 
to the amount represented by a certain specific-gravity reading. 

Further discharge, even if it can be obtained at a satisfactory voltage, 
results in an excessive expansion, which so closes the pores in the active 
material that it becomes increasingly difficult to recharge the battery 
properly after an excessive discharge, and unless a proper recharge is 
given, the battery is likely to deteriorate. 

159. Charging and Charging Rates for Lead-acid Batteries.—A battery 
must, of course, be charged with direct current, and the current must be 
connected to the battery so that it will go through it in the proper direc¬ 
tion. The positive pole of the charging source must be connected to the 
positive terminal of the battery, and the negative of charging source 
to the negative of the battery. 

While a battery is being charged, the amount of sulphate in the plates 
decreases, and the ability of the plate to give up the acid becomes reduced; 
in other words, durifig the early part of a charge the plates can give up the 
acid at a rapid rate, as there is a large amount of sulphate available. 
Therefore a battery that is considerably discharged can be charged at a 
high rate, but as the charge approaches completion, currents at high 
rate cannot be utilized, and if high rates are maintained, only a portion 
of the current is used to withdraw acid from the plates, and the balance 
of the current acts to decompose the water in the electrolyte into oxygen 
and hydrogen, which are given off in the form of gas. Gassing of the 
battery, therefore, at any time shows whether or not the charging rate 
is too high. Consequently, when the cells are gassing on charge the rate 
of charge should be reduced, so as not to waste the current. Further¬ 
more, the action of the bubbles of gas escaping from the pores of the 
plates and in “boiling” to the top of the electrolyte have a tendency to 
wash and wear the active material away from the plates, particularly 
the positive. 

It is a well-known fact that batteries wear out. This wear shows 
itself to the eye principally in the positive plate, the active material of 
which softens with use, and, were it not for this unavoidable fact, the life 
of batteries would be very much longer than at present. As the active 
material of the plate softens with use, there is a tendency for the softened 
material on the surface of the plate to fall to the bottom of the jar in 
the form of sediment. The action of the gas in escaping from the pores 
of the plates, and the little whirlpools created in the electrolyte when the 
bubbles of gas boil to the surface, hasten this shedding of material and 
shorten the life of the battery. 

Excessive gassing, therefore, should be avoided if the best life of the 
battery is to be obtained. A small amount of gassing at low rates and 
for a short time, at the completion of a charge, is not objectionable, but 
violent gassing having the appearance of boiling should be avoided. 
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160. Charging Methods for Lead-acid Batteries.—In practice, charg¬ 
ing methods vary with the type of service. For example, in propelling 
electric vehicles, the battery is discharged over a period of time and then 
recharged. The rate in amperes to use for recharge depends upon the 
time available and type of cell. The lower the rate of charge, the longer 
will be the time required. The shorter the time available, the higher the 
rate must be to recharge, provided the rate is not higher than recom¬ 
mended for the type of cell. In any event, the rate must always be low 
at the end of charge when gassing begins. This is known as the finish 
charge rate. 

Batteries charged by this cycle method of discharge and charge can 
have their charging equipment arranged and designed to provide a taper 
charge rate automatically and inherently, i.e ., high at the start of charge, 
when a high rate can be utilized, and low at the end of charge when 
gassing begins. In addition, the equipment can be arranged to stop 
the charge at the proper time, and all without any manual attention 
whatever. / 

Batteries used in starting, lighting, and ignition work on automobiles 
equipped with a generator for charging are charged whenever the engine 
is running at ordinary speeds. At very low speeds, or when the engine 
is not running, the battery supplies current for lights, ignition, and crank¬ 
ing. In automobile service, the rate must be sufficient to keep the battery 
charged and yet not overcharge it. 

Batteries used for reserve emergency, stand-by, or voltage regulation 
are kept fully charged by a trickle current or floating charge. A constant 
voltage of appropriate value impressed across the battery terminals is 
sufficient for proper charging. 

Regardless of the charging method, the rate in amperes must not 
cause excessive gassing, neither should the cell temperature rise above 
110°F. 

161. Equalizing Charge for Lead-acid Batteries.—Wherever practica¬ 
ble, batteries are given an equalizing charge at regular intervals, for 
example, weekly for batteries used in propelling vehicles and other services 
in which the battery is discharged considerably and then recharged; 
monthly in floating service. 

In cycle service an equalizing charge is a continuation of the regular 
charge at a low rate. In floating service the equalizing charge is obtained 
by raising the voltage across the battery to increase the current into the 
battery. The equalizing charge continues until all cells gas freely and 
until it is certain by taking voltage and gravity readings that all cells are 
fully charged. 

As has already been pointed out, the object of charging is to withdraw 
all acid from the plates. In practice, the regular charges in cycle service 
are not always given long enough to completely withdraw all the acid 
from the plates. In fact, this is not necessary, provided the acid is 
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completely withdrawn regularly by giving an equalizing charge. If this 
is not done and some sulphate is allowed to remain in the plates for a 
considerable time, it will gradually increase, and the pores of the plate 
will become clogged and the battery lose capacity and deteriorate in such 
a way that it becomes increasingly difficult to restore the battery to its 
normal condition. To carry frequent (such as daily) regular charges 
to the full extent would involve an unnecessary amount of charging and 
gassing which is not desirable. 

A battery is not fully charged until all the acid is driven out of the 
plates by charging. To fully charge a battery, do not try to charge to a 
fixed or definite gravity, but charge until the specific gravity or voltage 
stops rising. 

162. Effect of Temperatures upon Lead-acid Batteries.—The cell 
temperature should not exceed 110°F. The effect of high temperature 
is primarily to shorten the life of the wood separators which are installed 
between the positive and negative plates of some types of cells. 

There is always a tendency for wood in contact with sulphuric acid to 
become carbonized. This tendency is greatly increased at temperatures 
above 110°F. If a battery is operated regularly under such conditions 
it will probably be necessary to renew the wood separators before the 
battery itself is worn out. 

In the materials used in any commercial storage battery, some impuri¬ 
ties are also present which cause very slight action in the cell, even when 
it is not in active operation. At high temperatures, these internal losses 
are increased, as is evidenced by the fact that a battery placed in storage 
will not lose its charge seriously over a period of, say, 6 months if kept in 
a cool place. If kept in a temperature around 100°F., it will lose much 
more of its charge in, say, 3 months. 

Low temperature temporarily decreases both the discharge voltage and 
the ampere-hour capacity which can be taken out of the battery. The 
battery acts as if it were numbed by the cold and unable to make the same 
effort as at normal temperature. The effect of cold is only temporary, the 
battery returning to its normal state upon its return to normal tem¬ 
perature even without charge. There is no danger of the electrolyte 
freezing in a fully charged cell, but it is likely to occur in an overdischarged 
battery or in one that has had the water added without subsequent 
charging. 

163. Types of Lead-acid Storage Batteries.—Lead-acid storage bat¬ 
teries may be roughly divided into three groups depending upon the 
class of service for which they are intended. Those for automobile 
starting, lighting, and ignition work consist of cells assembled in a single 
hard-rubber container (Fig. 225). Those for electric-vehicle applications 
consist of ironclad-type cells assembled in a suitable container (Fig. 226). 
Those for stationary service consist of cells enclosed in glass jars (Fig. 
227). 
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Fig. 225.—Automobile type of Fig. 226.—Ironclad type of lead- 
lead-acid storage battery. ( The acid storage battery. ( The Electric 
Electric Storage Battery Co.) Storage Battery Co.) 

164. Lead-acid batteries are easily kept in good condition for a long 
time of trouble-free service if the following maintenance instructions are 

observed: 

1. Keep battery clean outside (Sec. 

166). 

2. Add water at regular intervals (Secs. 

166 and 167). 

3. Maintain battery in a healthy state 
of charge (Secs. 169 and 170). 

4. Keep written records (Sec. 171). 

166. Cleanliness.—1. Keep the bat¬ 
tery, its connections, and surrounding 
parts clean and dry by wiping with a dry 
rag but do not remove the grease from 
the seal nuts. Keep the vent plugs in 
place and tight and make sure their gas- 
escape holes are open. If electrolyte is 
spilled or if any parts are damp with acid, 

Fig. 227.—Lead-acid stor- apply a solution of ammonia or of baking 
age battery in enclosing glass so da (in the proportions of 1 lb. of soda 
Co) 6 EleCtric Stora ° e Bat ~ to 1 gal. of water), then rinse with water 
and dry; do not allow solution to get into 
cells. If this treatment is given two or three times a year and the bat¬ 
tery kept clean between times by regular washings with water or blowing 
off with an air jet, the life and service of the battery in general and trays 
or supports in particular will be increased considerably. Before hosing 
battery without removing it from compartment consult equipment manu- 
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facturer for permission. When washing high-voltage batteries, open the 
connections at several places to avoid possible shocks. 

2. If the terminals or connections show any tendency to corrode, 
scrape the corroded surface clean, wash it with soda solution or with 
ammonia solution, rinse with water, and coat it thinly with vaseline or 
No-Ox-Id grease. No corrosion will occur unless electrolyte is spilled 
and allowed to remain. 

3. Soda solution or ammonia will neutralize the effect of acid on 
clothing, cement, etc. 

166. Adding Water.—1. During operation, water must be regularly 
added to each cell. Do not allow the surface of the electrolyte to get 
below the level specified by the manufacturer. Keep it above this point 
by removing the vent plugs regularly from all the cells and adding suffi¬ 
cient approved water to each cell as often as necessary. Do not fill 
so high that electrolyte will be lost through the vent plugs, eventually 
resulting in ruined cells. Less harm will result in allowing the level to 
get a little low than in adding water too high. After filling be sure to 
replace and securely tighten the plugs. The intervals at which water 
must be added depend largely on the operating schedule, but it should 
not be necessary to add water more often than once a week; otherwise 
the battery is being given too much charge. 

2. In cold weather the time to add water is just before a charge, so 
that gassing (bubbling of the electrolyte resulting from charging) will 
ensure thorough mixing, and any danger of the water freezing be avoided. 

3. Electrolyte loses some of its water by the charging of the battery 
and some by evaporation, but its acid is never lost in this manner; there¬ 
fore, it will not be necessary to add new electrolyte, unless some should 
get outside the cell through carelessness or by adding too much water 
&o that the container is too full. 

4. Nothing but water is required to be added to storage batteries. 
Never add any special powders, solutions, or jellies. A great many 
special powder solutions or jellies are injurious, having a corrosive or 
rotting action on the battery plates, reducing the voltage and capacity 
of the cells. 

5. All the cells in the battery should take the same amount of water. 
If one cell takes more than the others, examine it for leakage. 

6. Keep a written record of the amount of water added from time to time. 

167. Kind of Water.—1. The quality of water to add is distilled (not 
merely boiled) or other approved water. By approved water is meant 
that of which the battery manufacturer has analyzed a sample and found 
safe for their batteries. The local source of water is usually suitable, 
but before using it the battery manufacturer should be consulted. 
Most companies will do this without charge for users of their batteries. 
Transportation charges should be prepaid and the sample marked for 
identification. 
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2. If water is drawn from a tap or spigot it should be allowed to run 
a few moments before it is used, to remove pipe accumulations. Water 
should not be transported or stored in any metallic vessel except lead. 
Glass, earthenware, rubber, or wooden receptacles that have not been 
used for any other purpose are satisfactory. 

168. Discharge Limits.—1. In an emergency, little if any permanent 
harm will result if the battery is discharged to the full amount that it 
will give, provided that it is promptly and fully recharged. 

2. If an ampere-hour meter is in use, the discharge should be stopped 
and the battery promptly recharged before or upon reaching its capacity 
limit in ampere-hours, as given by the manufacturer. The ampere-hour 
meter will run slow if the discharge is at high rates or if the meter is not 
calibrated at proper intervals and will then show less discharge than the 
battery actually gives. This fact should not be overlooked. 

3. The specific gravity of the electrolyte falls on discharge and is 
therefore an indication of the amount of discharge. The difference 



Fig. 228.—Hydrometer syringe. 

between the full-charge and discharge values of the gravity depends on 
the type of cell.. The manufacturer of the battery should be consulted 
for the proper values for any particular cell. 

169. Hydrometer Readings—Specific Gravity.—1. If the specific 
gravity or hydrometer reading is known, one can tell if the battery is 
fully charged or the amount it is discharged. With all cells connected 
in one series, the gravity reading of one cell, known as a pilot cell, will 
indicate the state of discharge or charge of the whole battery. 

2. The specific gravity is easily determined by allowing a hydrometer 
to float in the electrolyte. When the specific gravity is high, the hydrom¬ 
eter will not sink so far into the electrolyte as when the specific gravity is 
low (see Fig. 219). 

3. To take a reading, insert the nozzle of the hydrometer syringe (Fig. 
228) into the cell, squeeze the bulb, and then slowly release it, drawing up 
just enough electrolyte from the cell to float the hydrometer freely. 
With the syringe held vertically, the reading on the stem of the hydrom¬ 
eter at the surface of the liquid is the gravity reading of the electrolyte. 
After testing, always return the electrolyte to the cell from which it was 
taken. 

4. Both temperature and level of electrolyte affect the specific gravity 
reading somewhat, and it is therefore desirable to record the temperature 
and level of the electrolyte at the same time its gravity reading is taken. 
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A gravity reading should not be taken immediately after adding water, 
as the reading will give a false indication of the specific gravity. Allow 
a day or so for the water to mix with the electrolyte by gassing (bubbling) 
of the electrolyte resulting from charging or floating the battery. 

5. After every fifty-odd gravity read¬ 
ings of a pilot cell, a different cell should 
be used as a pilot, in order to avoid 
lowering of its gravity due to possible 
loss of a small amount of electrolyte 
each time the gravity is read. 

6. Hydrometer syringes are available 
for mounting through the vent plug of 
a pilot cell (Fig. 229). Since they are 
continuously in place, no dripping is 
experienced and the pilot cell need not 
be changed after every fifty-odd readings. 

170. Full-charge Specific Gravity.—1. 

The proper specific gravity of the elec¬ 
trolyte with the cells fully charged and 
with the electrolyte at the proper level, 
as specified by the maker, will vary 
somewhat with different types of bat¬ 
teries. The manufacturer should be 
consulted for the proper value. 

2. The specific gravity of a»new bat¬ 
tery is adjusted at the factorv and will 
not require adjusting during the life of 
the battery, unless electrolyte is actually 
lost out of the battery. If, however, 
electrolyte is lost it should be replaced 
with electrolyte of about the same 
specific gravity as is in the surrounding 
cells 

3 The full-charge specific gravity will 
decrease in value as the battery ages. Fig. 229.— Vent plug hydrom- 

No definite value can be given, but this fSLT" 186 * (scale 1.100 
, . „ * * 1.300) mounted m pilot cell, 

decrease is very small, not over a few (Electric Storage Battery Co.) 
points per year at the most. This 
change is mentioned so that it will be understood. 

4. Before adjusting low gravity, first make sure charging will not raise 
gravity. To do this, continue an equalizing charge until specific gravity 
shows no rise, and then for 3 hr. more. Never make a gravity adjustment 
on a cell which does not gas on charge. 

5. To adjust low gravity, first have ready sulphuric acid of specific 
gravity between 1.265 and 1.300, sufficiently pure for stor^ge-batteiy use. 
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Add this instead of water when restoring level until the gravity at the end 
of an equalizing charge is normal. Then stop adding acid and return to 
the use of water. A quicker method, but one requiring more work and 
acid, is to withdraw some of the low-gravity electrolyte from the cell and 
at once replace it with this new electrolyte. Do not allow a cell to stand 
partly empty. The amount to withdraw will have to be determined by 
trial, as it depends upon the gravities of both the old and new electrolyte. 
Charge until all cells have been gassing for 1 hr. Then, if the gravity 
is not normal, repeat adjustment until it is. 

6. To adjust high gravity, remove some of the electrolyte and replace 
with water until the gravity at the end of an equalizing charge is normal. 

171. Readings—Written Records.—1. To facilitate following the 
operation of the battery, it is advisable to record the specific gravity 
and voltage of each cell at intervals. The relative state of charge should 
be the same each time readings for record are taken—for instance, on a 
manually cycled battery, at the end of a charge; on a floated battery, 
10 to 15 min. after starting the monthly equalizing charge. 

2. Cell voltage readings should be taken while the charging current 
is being maintained and not after it is reduced or interrupted. During 
these readings the battery voltage or the charging current into the 
battery should be kept constant. Cell gravities should be taken 10 
or 15 min. after charge is completed and not while cells are gassing heavily. 

3. The individual cell voltages, read to the hundredth of a volt, should 
be recorded once a month, in which case three or four times a year will 
be sufficient for recording the cell gravities. Otherwise cell gravities 
should be recorded monthly. 

4. Review the monthly cell readings and compare with those for the 
previous month promptly. Plotting the readings saves time in reviewing 
and comparing. Prompt action upon indication of trouble may save time 
and expense later (see Sec. 172). 

172. Trouble.—1. The chief indications of trouble in a cell are: 

Falling off in gravity or voltage relative to the rest of the cells. 

Lack of gassing on equalizing charge. 

2. If a battery seems to be in trouble, the first thing to do is to give 
it an equalizing charge (Sec. 161). Then take a gravity reading of each 
cell. If all the cells gas evenly on the equalizing charge and the gravity 
of them all goes above a certain value as specified by the manufacturer, 
then all the battery needed was the charge. Before making an adjust¬ 
ment, determine whether the jar is cracked by adding water to the proper 
height and allowing cell or jar to stand several hours, noting whether level 
falls. If a jar is cracked change it. Never make a gravity adjustment 
on a cell which does not gas. If a cell will not gas on the equalizing 
charging, investigate for impurities or inspect it for short circuits. For 
the latter, remove the elements from the jar and examine the separators 
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carefully to make sure that none is broken or damaged, thus causing a 
short circuit. Also examine plates to see that they are in good condition 
and note the height of sediment in the bottom of the jar. Remove any 
collection of “moss” on the top or edges of the plates. Handle elements 
very carefully, so that plates will not be broken from the straps. Replace 
damaged separators. 

173. Impurities.—Impurities in the electrolyte will cause a cell to 
work irregularly. Should it be known that any impurity has got into a 
cell, it should be removed at once. In case removal is delayed and any 
considerable amount of foreign matter becomes dissolved in the electro¬ 
lyte, this solution should be replaced with new immediately, thoroughly 
flushing the cell with water before putting in the new electrolyte. If in 
doubt as to whether the electrolyte contains impurities, a sample should 
be submitted for test. 

174. Sediment.—The sediment which collects underneath the plates 
need cause no alarm unless it deposits too rapidly, in which case there is 
something wrong with the way the battery is operated. In a new 
battery there is always a thin layer at the start. As the battery wears, the 
sediment becomes higher, but, for batteries which are floated, the plates 
usually wear out before the sediment space is filled. 

176. Putting Battery into Storage.—1. If the use of the battery is to be 
temporarily discontinued, give it a charge until all the cells gas and add 
water to the cells during this charge so that the gassing will ensure thor¬ 
ough mixing and prevent its freezing in cold weather. Add enough water 
to raise the level of the electrolyte to the proper level. After the charge 
is completed, remove all fuses to prevent the use of the battery during the 
idle period. Make sure all vent plugs are in place. 

2. At certain periods the battery should be reconnected, water added, 
and the battery charged. These periods are every 2 months in climates 
averaging 70 to 80°F. and every 6 months in climates averaging 40°F. 
If this cannot be done, write for further instructions. 

176. Putting Battery into Commission Again.—Add water, if needed, 
and give a charge until the gravity of the electrolyte has ceased rising 
over a period of 3 hr. 

NICKEL^IRON-ALKALINE BATTERIES 

177. The Edison storage battery is the result of an effort to avoid many 
of the disadvantages of the lead-sulphuric acid combination and is a 
radical departure therefrom in every detail of construction. The positive 
plate consists of hollow, perforated, sheet-steel tubes filled with alternate 
layers of nickel hydrate and metallic nickel. The hydrate is the active 
material and the metal, which is made in the form of microscopically 
thin flakes, is added to provide good conductivity between the walls 
of the tube and the remotest active material. The negative plate is 
made up of perforated, flat, sheet-steel boxes or pockets loaded with iron 
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oxide and a small amount of mercury oxide, the latter also for the sake 
of conductivity. The grids which support these tubes and pockets arc 
punchings of sheet steel. The cell terminals and container are likewise 
of steel, and all metallic parts are heavily nickel-plated. The electrolyte 
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Fig. 230.—Edison nickel-iron-alkaline stoiage cell with containoi cut away 
to show construction detail. {Edison Storage Battery Co.) 


is a 21 per cent solution of caustic potash containing also a small amount 
of lithium hydrate. All separators and insulating parts are made of 
rubber. The details of construction are shown in Fig. 230. 

The current used in charging causes an oxidation of the positive plate 
and a reduction of the negative, and these operations on discharge are 
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reversed. The electrolyte acts merely as a medium and does not enter 
into combination with any of the active material as it doe& in the acid 
battery. Its specific gravity remains practically constant throughout the 
complete cycle of charge and discharge. The charge and discharge 
curves are shown in Fig. 231. 

The chief characteristics of the battery are ruggedness, due to its solid, 
steel construction; low weight, due to its stronger and lighter supporting 
metal; long life, due to the complete reversibility of the chemical reactions 
and the absence of shedding active material; and low cost of maintenance, 
due to its freedom from the diseases, such as sulphation, so commonly 
met with in storage-batterv practice, and from the necessity of internal 
cleaning and plate renewals. The arguments against it are high first cost 
and high internal resistance. The importance of these must, of course, 



Hours of Change and Discharge 

Fig. 231.—Charge and discharge curves of the Edison battery. 

be weighed with the advantages and the resultant considered in each 
proposed installation. The battery has attained its chief prominence 
in vehicle propulsion, but its characteristics also recommend it for many 
other purposes. 

178. Voltage Characteristics. —The voltage of each cell is approxi¬ 
mately 1.5 volts on open circuit, but is higher than this when the battery 
is being charged and lower when being discharged. The voltage at any 
time depends upon state of charge or discharge, the temperature, and the 
density of the electrolyte. The average discharge voltage is approxi¬ 
mately 1.2 volts per cell. Typical voltage charge and discharge curves 
nrc shown in Fig. 231. Cells are generally discharged until the voltage 
drops from 1.0 to 0.9 volt per cell. Further discharge is generally not 
satisfactory since the voltage drops very rapidly if the discharge is con¬ 
tinued past this point. The maximum voltage during charge will be 
between 1.80 to 1.90 volts per cell. The voltage for any degree of dis¬ 
charge is affected slightly by the rate of discharge, as shown in Fig. 232. 

179. Rating of Nickel-iron-alkaline Batteries. —All batteries are given 
a normal ampere-hour capacity rating based on a certain rate of discharge 
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to a final voltage of 1.0 volt per cell. Some current ratings are based on a 
5-hr. continuous discharge rate and others on a 3J-hr. continuous rate. 

The ampere-hour capacity for discharging continuously at a constant 
rate to a final voltage of 1.0 volt per cell will be affected by the rate of 
discharge (Fig. 232). The higher the rate of discharge the lower is the 
capacity of the battery. The effect upon the capacity will not be so 
great, however, as it is for lead-acid batteries. After a high r&te of 
discharge, the balance of the normal capacity of the battery can be 
obtained by continuing the discharge at a lower rate. If the battery is 
discharged intermittently, the normal capacity can be obtained unless 
the total elapsed time of discharge is excessively short. These batteries 
are very rugged and withstand very severe service. They arc not harmed 
by occasional short-circuit discharges. 



Ampere hours 


Fig. 232.—Discharging at high rates. A4 cell, normal rate 30 amp., 
discharged successively at 30, 60, and 90 amp. with comparison of continuous 
discharge at each of these rates. ( Edison Storage Battery Co.) 

180. Charging.—The best method of charging Edison batteries is by 
the average-constant-current method. The battery is connected in series 
with an adjustable resistance to a constant-potential, d-c supply, as 
shown in Fig. 233. The positive terminal of the battery should be con¬ 
nected to the positive terminal of the supply. The maximum voltage 
available at the batteries should be at least 1.85 times the number of 
cells in series. Throughout the charging period the rheostat should be 
periodically adjusted so that the average current will be maintained at 
its normal rated value. At each adjustment the current should be set a 
few amperes above the rated value so that by the time the next adjust¬ 
ment is made the current will not have dropped much below normal. 
The battery should be charged until a maximum voltage has been reached 
and maintained for 30 min. If an ampere-hour meter is used with the 
battery in charge and discharge, satisfactory charge is generally obtained 
by charging the battery at its rated current until the ampere hours 
of charge is 125 per cent of the ampere-hours of discharge. The condition 
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of charge cannot be judged by means of specific-gravity readings. Auto¬ 
matic equipment for the control of the current during charge is being 
used to a greater and greater extent. 

Before starting to charge, see that the solution is at the proper level. 
If the solution is low, bring it to the proper level by adding pure distilled 
water as instructed under watering. If the battery is in a compartment, 
open the covers before starting a charge. If necessary, and if full capacity 
is not required, a battery may be taken off charge at any time and used. 

181. Effect of Temperature.—Do not voltmeter Ammeter 

charge in a hot place or allow the tem¬ 
perature of the solution to exceed 115°F. 
on charge. High temperatures during 
charge or discharge will shorten the life 
of any kind of battery. Better efficiency 
is obtained if cells are charged at a tem¬ 
perature of 80 to 90°F. If the tempera¬ 
ture of the solution exceeds 115°F. while 
charging, allow the cells to cool before 
continuing the charge. 

182. Charging at High Rates.—In an 
emergency, when time for a normal charge 
is not available, charging may be done at 
any higher rates than normal, provided 
there is no frothing and the temperature 
does not rise above 115°F. 

183. Charging at Low Rates.—Where 
the discharge requirements are such that 

a low constant rate is used or where an ^ 000 

. . , . Fio. 233.—Showing correct 

intermittent rate of such value that for a connections for charging a 

given time period a low average rate will battery at constant current 
be had, then a charge rate of less than through a variable resistance, 
normal may be used, provided that this (Bdi,on stora » e Batterv Co '> 
charge rate is approximately 120 per cent of the constant or average dis¬ 
charge rate. The term low discharge rate is to be construed to mean a 
constant or average rate of less than 80 per cent of normal. 

When charging at low rates it must be thoroughly understood that the 
required ampere-hour input must be put in, and that, therefore, the time 
periods of charge must be correspondingly increased over that necessary 
to fully charge a cell at normal rate. 

184. Boosting Charge. —An Edison battery may be boosted, i.e., 
given a supplementary charge, at high rates during brief periods of idle¬ 
ness, thereby materially adding to the available capacity. The principal 
limiting feature is that the temperature of the solution in the cells nearest 
the center or the warmest part of the battery does not exceed 115°F. 
A battery can be boosted whether it is entirely discharged or only partially 
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discharged. The object of the boost is to supplement the remaining 
charge so that additional work may be done without waiting for regular 
charge. 

The following table gives figures that may be used under average 
conditions, but values that will not cause excessive heating must be 
determined in each case by experience: 

5 minutes at five times normal. 

15 minutes at four times normal. 

30 minutes at three times normal. 

60 minutes at two times normal. 

Frothing at the filler opening is an indication that the boosting has 
been carried too far (if the solution is at the proper height), and the 
boosting should be discontinued at once. 

186. Overcharging is to be interpreted as charging a battery at the 
normal rate for periods in excess of the specified Hours Normal Charge. 
For A, B, C, and N Types, 12 hr. is considered an overcharge when the 
previous discharge has only been taken to an average of approximately 
0.5 volt per cell, and 15 hr. is considered an overcharge when the previous 
discharge has been taken to zero voltage and short-circuited. For G 
and L Types these overcharge periods are, respectively, 8 and 10 hr. 

Overcharging in conjunction with proper discharges is used to com¬ 
pensate for either lack of work of battery or change of solution. In 
those cases where batteries have become sluggish due to lack of work, 
such as where batteries are seldom totally discharged in regular service, 
the battery should be periodically completely discharged to zero at normal 
rate and then short-circuited for 1 or 2 hr. Follow with a regular 
overcharge. 

With new Edison batteries better capacities will result if they are given 
plenty of work. It is, therefore, advisable to give new batteries addi¬ 
tional work every 2 weeks for the first 2 months and every 2 months 
thereafter for 6 months. This should consist of a complete discharge 
to zero at normal rate with a short circuit of at least 2 hr. followed by an 
overcharge. 

When an Edison battery does not give satisfactory capacity on dis¬ 
charge at rates several times normal it is considered sluggish. This 
sluggishness or low capacity may result from persistent low-rate discharg¬ 
ing, frequent low-rate charging, long stands, seldom discharging com¬ 
pletely, or weak solution. With the exception of the last named the 
primary cause is lack of work. Edison batteries thrive on work; therefore, 
the proper procedure is to completely discharge the battery at normal rate 
to zero and then short-circuit it for 2 hr. Follow this by an overcharge. 
If the condition is rather pronounced the cycle should be repeated. In the 
worst cases results can usually be obtained by several repetitions of the 
above. Ordinarilv, this method will restore underworked batteries. 
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Completely 'discharge batteries before starting overcharges. Test for 
height of solution and bring the solution to the proper height. Tests of 
solution height should be made before and after the battery is completely 
discharged at normal rate, followed by a short circuit of at least 2 hr. 
and then an overcharge. 


186. Data for Nickel-iron-alkaline Batteries 

(Edison Storage Battery Co.) 



Rating'* 

Weight, 6 lb. per cell 

Oil type 

1 

Ampere-hour 

capacity 

Normal rate, 
amp. 

Standard 

High type 

N2 

11M 

2 H 

1.94 


L20 

L30 


!>M 

1.88 

2.64 


L40 

20 

7 h 

3.24 


Bl, B1 H e 


3 H 

5.3 

6.7 

B2, B2 H' 

37 V* 

7 h 

6.0 

7.2 

B4, B4 H‘ 

75 

15 

9 5 

10.9 

m, B6 //' 

112 Vi 

22 V. 2 

13 0 

15.2 

A4, A4 H c 

150 

30 

16.5 

19.3 

Aft, A5 H' 

A6. AO H' 

188 

37 M 

19 6 

22.5 

225 

45 

22.4 

25.5 

A7, A7 H' 

263 

52 V 2 

25.8 

28.6 

A8. A8 H<■ 

300 

60 

31.2 

35.9 

A10, A10 W 

375 

75 

38.1 

43.8 

A12, A12 H' 

450 

90 

47.3 

53.5 

A14, A14 H' 

i 525 

105 

56.6 

60.8 

A16. A16 

600 

120 

62.9 

68.0 

A20 H r 

750 

150 


84.8 

A24 H 0 

900 

180 


102.5 

G4, G4 H‘ 

100 

30 

12.5 

19.0 

G6, G6 H « 

150 

45 

17 5 

21.1 

G7, G7 Hr 

175 

52 1 2 

20.8 

23 0 

G9, G9 H f 

225 

67 v 2 

24 0 

27.5 

Gil, Gil Hr 

275 

82 >2 

30.4 

36 2 

G14, G14 Hr 

350 

105 

37 2 

44 5 

G18, Gl8 Hr 

450 

135 

52.4 

56 8 

G22 Hr 

550 

165 


70.0 

04 

225 

45 

24 3 


C5 

281 

56*4 

29.3 


C6 

338 

67 V-2 

34 4 


C7 

394 

78^4 

39.8 


C8 

450 

90 

45.5 


CIO 

563 

112H 

61.3 


C12 

675 

135 

71.0 


D6 

450 

90 

45.6 


D8 

600 

120 

60.0 


DIO 

| 750 

150 

77 3 


D12 

900 

180 

91 6 



* Ratings are on basis of 5-hr. rafo for A, B, C, and N Type cells and 3H-hr. rate for 
G and L Type, with average of 1.2 volts per cell and final of 1.0 volt per cell. 

* Weights are for completely assembled cells, including trays, connectors, etc. 

0 The letter H indicates high-type cells; these cells have the same characteristics as 
the standard-type cells but are built higher so as to hold more electrolyte and are used 
in installations where frequent flushing is not convenient. 
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187. Maintenance of Nickel-iron-alkaline Batteries. —The attention 
required by this battery is of the simplest character. It is chiefly impor¬ 
tant that the electrolyte be replenished from time to time with distilled 
water so that the plates will be entirely immersed, and that the outside 
of the cells be kept clean and dry, for, if this is not done, leakage of current 
will occur with consequent corrosion of containers by electrolysis. Per¬ 
haps once or twice during the total useful life of the cell, the electrolyte 
may need renewal. 

188. Cleaning. —The cells, trays, and battery compartment must be 
kept dry, and care must be taken that dirt and other foreign substances 
do pot collect at the bottom or between the cells. 

Dirt and dampness are likely to cause current leakage, which may 
result in serious injury to the cells. 

Where protection of cell tops from moisture is required, they should 
be given a light coat of Rosin or Liquid Esbaline, this material being 
applied to the cover of the cell and sparingly to the outside of the filling 
aperture, care being taken not to get any great quantity on the lid hinge. 
Esbaline may be applied best with a small paintbrush, care being taken 
not to get any on the inside of lugs or on cell poles. 

Rosin Esbaline must be applied warmed to approximately 170 to 190°F. 
and thinned to good paint consistency with benzine, etc. 

A wet steam jet, or even an air blast, will be found most satisfactory 
for cleaning but must not be used on cells while they are in the compart¬ 
ments. It has been found that a pressure of 70 lb. with a 1-in. rubber 
steam hose about 10 ft. long into which has been inserted a piece of iron 
pipe about 12 in. long with an orifice b 8 in. in diameter will give wet steam 
with a velocity to clean the battery satisfactorily. (This orifice can be 
made by plugging one end of an iron pipe and drilling out with a t£-in. 
drill.) When removing encrustations from the tops of cells, do not allow 
them to fall between or into the cells. Before reassembling, make sure 
that all poles, connectors, and jumper lugs are clean. Also cells, trays, 
and compartments must be dry before replacing battery. 

Occasionally, cells and trays after being cleaned should be recoated with 
Esbalite, an alkali-proof insulating paint put up by the Edison Storage 
Battery Division of Thomas A. Edison, Inc. 

The cells should be thoroughly cleaned of all grease, dirt, dried salts, 
and paint blisters or flakes and be perfectly free from all moisture. 
Painting may be done with a brush or, if the quantity is large, by dipping. 

When cleaning and recoating with any cell coating, be careful not to 
allow any of the materials to get into the cells. 

189. Water or Flushing. —Do not allow the level of the solution to drop 
below the tops of the plates. Never fill higher than the proper level. 
If filled too high, solution will be forced out during charge. 

For replenishing solution in Edison cells during operation use only 
pure distilled water or water which has been tested and approved by the 
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Wglass 
tube — 


Edison Storage Battery Division of Thomas A. Edison, Inc. Although 
pure distilled water is recommended for use in storage batteries gen¬ 
erally, there are certain points in the country where the local water 
supply is of such purity that it may be satisfactorily used. It is extremely 
important that no other water than pure distilled water be used unless 
it has received the approval of the Edison Storage Battery Division of 
Thomas A. Edison, Inc., after test at the factory’s laboratories. The use 
of impure water will result in a slow poisoning of the electrolyte by an 
accumulation of impurities, the effect of which may not appear within a 

few months but will ultimately be- „. „ __ 

come apparent within the course of > ~ A 

several years. Rubber A 

When solution has been spilled, tubing S 
use standard refill solution, which j 

has a specific gravity of approxi- < Y v-* 

mately 1.215 at 60°F. f 1 x ~ 

Battery compartments and trays y glass 1 

must be kept dry and clean at all e *1 ' 

times, so take care, when filling cells, 1 

not to spill water over and around the I 

cells and not to exceed specified I 

height. " 

Test for height of solution before * y 

placing battery on charge. Do not 'i \ 
test for solution height while battery 
is charging; the gassing during charge figs 
creates a false level. SS ft ^ 

A reasonably heavy-walled glass 5^ 
tube about 8 in. long and of not less §§ * 

than in. inside diameter with "SSI- * 

ends cut straight and fused enough Fl °- 234.—Quick method of 

« TO „„d th, rfge. n„y b. u«d « ZZZaLtA?*?’** 
illustrated m Fig. 234 to find level of 

electrolyte above plate tops. A short length of tightly fitting rubber 
tube forced over one end and projecting about % in. will prove a very 
good finger grip. Insert the tube until the tops of the plates are touched; 
close the upper end with the finger and withdraw the tube. The height 
of the liquid in the tube should be as specified in Electrical Data. 

190. Specific Gravity of Nickel-iron-alkaline Batteries. —The density 




Fig. 234.—Quick method of 
determining height of solution. 
(Edison Storage Battery Co.) 


or specific-gravity reading of the electrolyte of an Edison cell has no value 
in determining the state of charge or discharge, as the specific gravity 
does not change during the charging or discharging of the cell to any 
marked extent. The small changes ordinarily observed are due either to 
large changes in temperature or to loss of water from the electrolyte by 
evaporation or electrolysis in operating the cell. Therefore it is not 
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necessary to take frequent readings to determine the specific gravity. 
The only time it is necessary to obtain specific-gravity reading is to 
determine when a change of electrolyte would be advantageous. When 
making these readings, certain fundamental conditions must be observed. 
A suitable hydrometer must be obtained and used in accordance with the 
rules laid down in the section headed Use of Hydrometer. The glass 
container must be clean and must not contain acid or other impurities, 
as these tend to give lower readings than the true specific gravity. 

Do not take specific-gravity reading when the cell is charging, as the 
bubbles of gas contained in the electrolyte will cause a lower reading than 
the true one. Readings taken when the temperature of the electrolyte 
is either very high or very low will give results that will vary with the 
temperature. The specific gravities quoted in this section are for 60°F. 
Temperatures very much higher than this will give lower gravity readings, 
while temperatures very much lower than this will give higher readings. 

Specific-gravity readings taken immediately after watering the cell 
are of no value, as the water has had no chance to be thoroughly mixed 
with the electrolyte, and the resulting readings will be low. The specific 
gravity should be taken when the electrolyte is at the proper height after 
a complete charge. It is best to allow the cells to stand for a short period 
after the completion of the charge to allow free bubbles of gas to dissipate 
before taking readings. Corrections for temperature should be made, 
if temperature is very high, by adding 0.0025 for each 10 degrees above 
60°F. to the observed reading or subtracting 0.0025 from the observed 
reading for every 10 degrees below 60°F. 

After taking a specific-gravity reading, return the solution to the same 
cell from which it was taken. Otherwise the gravity of the solution 
in the cell to which it is added will be increased and the gravity of the 
solution in the cell it is taken from will be decreased, owing to the addition 
of water made necessary. 

The potash electrolyte in Kdison cells has a normal specific gravity of 
approximately 1.200 at 60°F. when at the normal level and thoroughly 
mixed by charging and when sample is taken at least hr. after charge, 
to allow for dissipation of gas. 

191. Solution Renewal.—Throughout the total useful life of the cell 
the electrolyte gradually weakens and may need renewal once or twice, 
depending on the severity of service, and in some cases, where mainte¬ 
nance and operation have been poor or where contamination has been 
allowed by the use of impure water, etc., a third time might be necessary. 

The low-limit specific gravity beyond which it is inadvisable to run an 
electrolyte is 1.160. Operation at lower specific gravity than 1.160 
should not be allowed since such operation will produce sluggishness, loss 
of capacity, and rapid breakdown on severe service. Should the specific 
gravity be above 1.160 and at the same time sluggishness and loss of 
capacity be evident, do not immediately renew the electrolyte until it is 
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found that an electrolyte sample sent to the factory shows a prohibitive 
accumulation of impurities and until the following treatment fails to 
produce marked improvement. 

1. Discharge at normal rate to zero voltage. (When the current can no 
longer be kept up, either reverse the battery on the line with sufficient 
resistance in series or connect in series with another more nearly charged 
battery; then continue the discharge.) It is of prime importance that 
the rate be kept at normal throughout. 

2. Short-circuit the battery in groups of not more than about 5 cells 
each for at least 2 hr. 

3. Charge at normal rate for 15 hr. for A, B, C, and N Types and 10 hr. 
for G and L Types. 

4. Discharge at normal rate to approximately 1.0 to 0.9 volt per cell. 

5. Charge at normal rate for 7 hr. for A, B, C, and N Types and 4% hr. 
for G and L Types. 

6. Discharge at normal rate to approximately 1.0 to 0.9 volt per cell. 

If the cells do not respond noticeably to this treatment there is probably 

very marked contamination of the electrolyte, and the result of the analy¬ 
sis of a representative sample sent to the factory at West Orange, N. J., 
in accordance with the section Analysis Samples of Water and Electrolyte, 
will show this. Therefore, regardless of the specific gravity, the electro¬ 
lyte should be replaced as follows: 

1. When previous electrolyte has reached approximately the low limit 
of 1.160, the new solution should be Standard Benewal. 

2. When previous electrolyte is 1.190, or above, the new solution should 
be Standard Refill. 

It is always advisable, in case the battery exhibits trouble of any sort, 
to communicate all details to the Edison Storage Battery Division of 
Thomas A. Edison, Inc., West Orange, N. J., attention of the Service 
Dept., so that immediate advice may be obtained. 

Do not use any other solution than Edison Electrolyte. Do not pour 
out old solution until you have received new and are ready to use it. 
Never allow cells to stand empty. State type and number of cells when 
ordering Edison Electrolyte for renewal. 

When ready to renew solution, first completely discharge the battery 
at normal rate to zero and short-circuit for 2 hr. or more. This is to 
protect the elements. Then empty cells completely. It is not necessary 
to shake or rinse cells, and under no circumstances should cells be filled 
with water. 

Immediately after emptying each cell pour in new solution. Do not 
allow to stand empty. Fill to exactly the proper height. For this pur 
pose use a clean glass or enamelware funnel. A plain iron funnel can be 
used if it has no soldered seams, but do not by any means use one of 
tinned or galvanized iron. A clean rubber tube may be used to siphon 
the solution directly from the container to the cell. If the tube is new 
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it should be thoroughly soaked in electrolyte for a couple of hours or filled 
with electrolyte and allowed to stand a couple of hours in such a position 
as to retain the solution. This is to remove thoroughly any impurities 
on the rubber. Fill to exactly the proper height, for if cells are filled 
too full when renewing the solution and allowed to remain that way the 
specific gravity of the electrolyte will be too high when the level of the 
solution returns to proper height. This condition may lead to serious 
results and can easily be avoided by reasonable care. 

Do not attempt to put in all solution received as ah excess is allowed to 
make up for any loss due to spilling. It may be necessary to add some 
more electrolyte after cells have stood a little time, as some electrolyte 
may be absorbed by the plates. 

The specific gravity of the Edison Electrolyte for renewal as shipped is 
about 1.250, but this will quickly fall to normal when put into a battery, 
owing to mixture with the old, weak solution remaining in the plates. 

Do not attempt to use the Electric Filler for refilling cells. It was not 
designed for this purpose and will not work. 

When the new electrolyte is in and the battery is again connected 
for service, give it an overcharge at the normal rate as outlined under 
Overcharging. 

192. Cautions in Operation of Nickel-iron-alkaline Batteries.—1. 

Never put lead-battery acid into an Edison battery or use utensils that 
have been used with acid; you may ruin the battery. 

2. Never bring a lighted match or other open flame near a battery. 

3. Never lay a tool or any piece of metal on a battery. 

4. Always keep the filler caps closed except when necessary to have 
them open for filling. 

5. Keep batteries clean and dry externally. 

6. Edison electrolyte is injurious to the skin or clothing and must be 
handled carefully. Solution spilled on the person should be immediately 
washed away with plenty of water. 

193. Laying up Nickel-iron-alkaline Batteries.—If battery is to be 
laid up for any length of time be sure that the plates are covered to the 
proper height by solution or electrolyte. The battery should be stored 
in a dry place. Do not leave it in a damp place, as damage to the con¬ 
tainers may result from electrolysis. Never let the battery stand unfilled. 

Edison batteries are easy to lay up. Merely discharge to zero voltage 
and short-circuit. They may be left standing idle indefinitely in this 
condition without injury. 

New Edison cells have received sufficient cycles of charge and discharge 
before shipment to give considerable capacity above rated. However, 
Edison cells will increase still further in capacity if thoroughly worked 
in. Therefore it is best, if new cells are to stand for some time before 
being put into commission, to discharge them to zero at normal rate and 
short-circuit at least 6 hr. 



Div. 4] GENERAL EQUIPMENT AND BATTERIES 


553 


When putting the battery back into commission, go over each cell and 
see that all poles and connections are in good condition as for a new cell. 
See that the plates are properly covered with electrolyte and then charged 
as here instructed: First, if not already discharged, discharge cells to zero 
at normal rate and short-circuit. Follow this by an overcharge at normal 
rate and then discharge at normal rate. Then charge at normal rate for 
normal hours of charge. If the battery shows signs of sluggishness, 
repeat the overcharge and carry the discharge down to zero until cells 
are fully active; then give regular charge. 

INSTALLATION OF STORAGE BATTERIES 

194. In installing storage batteries, follow the rules of the National 
Electrical Code, which are given below: 

196. Scope.—The provisions of this sec¬ 
tion shall apply to all stationary installa¬ 
tions of storage batteries using acid or 
alkali as the electrolyte and consisting of a 
number of cells connected in series with a 
nominal voltage in excess of 16 volts. 

196. Definition of Nominal Voltage. 

The nominal battery voltage shall be 
calculated on the basis of 2.0 volts per cell 
lor the lead-acid type, and 1.2 volts per cell 
for the alkali type. 

197. Wiring and Apparatus Supplied 
from Batteries.—Wiring, appliances, and 
apparatus supplied from storage batteries 
shall be subject to the requirements of the 
Code applying to wiring, appliances, and 
apparatus operating at the same voltage, 
except as otherwise provided for signal 
and control systems in Art. 800 of the National Electrical Code. 

198. Insulation of Batteries of Not Over 260 Volts.—The provisions 
of this section shall apply to storage batteries having the cells so con¬ 
nected as to operate at a nominal battery voltage not exceeding 250 volts. 

1. Lead-acid Batteries.—Cells in lead-lined wood tanks, where the 
number of cells in series does not exceed 25, shall be supported indi¬ 
vidually on glass or glazed-porcelain insulators (see Fig. 235). If the 
number of the cells in series exceeds 25, the cells shall be supported 
individually on oil insulators. 

2. Alkali-type Batteries.—Cells of the alkali type in jars made of 
conducting material shall be installed in trays of nonconducting material, 
with not over 20 cells in a series circuit in any one such tray, or the ceils 
may be supported singly or in groups on porcelain or other suitable 
insulators (see Fig. 236). 


_^5T 



Fiu. 235.—A cell in a 
lead-lined wood tank, sup¬ 
ported on oil insulators. 
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3. Unsealed Jars. —Cells in unsealed jars made of nonconduetive 
material shall be assembled in travs of (class or supported on glass or 



Fia. 236.—Alkali-type battery with cells mounted m an insulating tra>. 
(Edison Storage Battery Co ) 



Fig. 237. — A cell in an unsealed glass jar, mounted on a sand tray. 

glazed-porcelain insulators, or, if installed on a rack, shall be supported 
singly or in groups on glass or other suitable insulators (see Fig. 237). 

4. Sealed Rubber Jars. —Cells in sealed rubber or composition con¬ 
tainers shall require no additional insulating support if the total nominal 
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voltage of all cells in series does not exceed 150 volts. If the total voltage 
exceeds 150 volts, batteries shall be sectionalized into groups of 150 volts 
or less and each group shall have the individual cells installed in trays 
or on racks. If trays or racks are required for this type of cell, such 
trays or racks shall be supported on glass or glazed-porcelain insulators 
or oil-type insulators. 

5. Sealed Glass Jars. —Cells in sealed glass jars, with or without 
wood trays, require no additional insulation. 

199. Insulation of Batteries of Over 250 Volts.—The provisions of 
Sec. 198 shall apply to storage batteries having the cells so connected as 


Pcrml % /hr emergency 
itghfmg control' 


* 


m 












* ’ ***** „ , 


Fio 238.—Installation of lead-acid batteries in sealed glass jars mounted on a 
three-tier rack for emergency lighting (The Electric Storage Battery Co.) 


to operate at a nominal voltage exceeding 250 volts and, in addition, the 
provisions of this section shall also apply to such batteries. 

1. Cells shall be installed in groups having a total nominal voltage 
of not over 250 volts, in trays or on racks supported on oil insulators, 
except that, if each individual cell, or subgroup in the tray or rack, is 
supported on oil insulators, no additional insulation for the group need 
be provided, and except that cells of not over 10-ampere-hour capacity 
in sealed glass jars may be grouped in trays, the total nominal voltage 
of all cells in such a group not to exceed 250 volts, and each such tray to 
be supported on glass or glazed-porcelain insulators, the trays being 
mounted on racks supported on oil insulators with a total nominal voltage 
of not over 500 volts for all cells in series on each such insulated rack. 

Maximum protection is secured by sectionalizing high-voltage batteries 
into cell groups insulated from each other. 

200. Racks and Trays. —Hacks and trays shall conform to the 
following: 
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1. Racks. —Racks, as required in this section, refer to frames designed 
to support cells or trays (see Fig. 238). They shall be substantial and 
made of the following: 

а. Wood, so treated as to be resistant to deteriorating action by the 
electrolyte. 

б. Metal, so treated as to be resistant to deteriorating action by the 
electrolyte and provided with nonconducting members directly support¬ 
ing the cells; or with suitable insulating material on conducting members. 

c. Other similar suitable construction. 

2. Trays.—Trays refer to frames such as crates or shallow boxes usually 
of wood or other nonconducting material, so constructed or treated as to 

be resistant to deteriorating ac¬ 
tion by the electrolyte (see Fig. 
239). 

201. Battery Rooms.—Bat¬ 
tery rooms shall conform to the 
following: 

1. Use.—Separate battery 
rooms or enclosures shall be 
required only for batteries in 
unsealed jars and tanks where 
the aggregate capacity at the 
8-hr. discharge rate exceeds 5 
kw.-hr. 

2. Wiring Method.—In stor¬ 
age-battery rooms, bare conduc¬ 
tors, open wiring, or conductors 

in rigid conduit or electrical metallic tubing shall be used as the wiring 
method. 

3. Varnished-cambric Conductors.—Varnished-cambric-covered con¬ 
ductors, Type V, shall not be used. 

4. Bare Conductors. —Bare conductors shall not be taped. 

5. Raceway. —Rigid metal conduit, or electrical metallic tubing, if 
used, shall be of corrosion-resistant material or shall be suitably protected 
from corrosion. 

6. Terminals.—If metal raceway or other metallic covering is used in 
the battery room, at least 12 in. of the conductor at the end connected 
to a cell terminal shall be free from the raceway or metallic covering and 
shall be bushed by a substantial glazed insulating bushing. The end of 
the raceway shall be sealed tightly to resist the entrance of electrolyte by 
spray or by creepage. Sealing compound, rubber insulating tape, or 
other suitable material shall be used for this purpose. 

7. Ventilation. —Provision shall be made for sufficient diffusion and 
ventilation of the gases from the battery to prevent the accumulation of 
an explosive mixture in the battery room. 



Fig. 239.—Lead-acid battery of cells 
in sealed glass jars mounted in a sup¬ 
porting tray. 
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2,02. Danger from Gas with Storage Batteries. —The hydrogen and 

oxygen given off from the battery during charge, when unmixed with a 
large amount of air, form a combination that will explode violently if 
ignited by an open flame or an electric spark. If battery is in a compart¬ 
ment, open or ventilate compartment while the battery is being charged, 
in order that these gases may become mixed with air. Do not bring 
exposed flame, match, cigar, etc., near the battery when charging or 
shortly after. 


GENERAL CONSTRUCTION MATERIALS 

203. Wire nails are formed from wire of the same diameter as the 
shank of the nail is to be. The wire from which nails are made, hence the 
nail diameters, are measured by the steel-wire gage (see table in Div. 2), 
which is the same as the Washburn & Moen gage and is used by prac¬ 
tically all nail manufacturers, though it is sometimes given a different 
name. 

The size of nails is designated by the “penny” system. The penny 
system 1 of designating nails originated in England. Two explanations 
are offered as to how this curious designation came about. One is that 
the sixpenny, fourpenny, tenpennv, etc., nails derived their names from 
the fact that 100 cost sixpence, fourpence, etc. The other explanation, 
which is more probable, is that 1,000 tenpenny nails, for instance, weighed 
10 lb. The ancient as well as modern abbreviation for penny is “d,” 
which is the first letter of the Roman coin denarius; the same abbreviation 
in early history was used for the English pound in weight. At any rate, 
the penny has persisted as a term in the nail industry. 

Ordinary nails are made of steel wire with a natural bright-steel finish. 
The following special coatings, finishes, and heat-treatments may be 
obtained at some additional cost: 

Galvanized (hot process). 

Galvanized (electro). 

Cement coated (regular). 

Cement coated (clear). 

Coppered. 

Tinned. 

Brass plated. 

Cadmium plated. 

Nickel plated. 

Nails made of copper, brass, or stainless-steel wire are also available. 
Nails are made in several different forms to meet the requirements of 
different applications. The more common types with dimensional data 
are given in the following sections. 

1 American Steel <fc Wire Co 


Chromium plated. 
Painted. 

Acid etched. 

Blued. 

Annealed. 

Oil-quench hardened. 
Japanned. 

Parkerized. 
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204. Dimensions of Common Nails and Brads 

(American Steel & Wire Co.) 


Si/e 
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63 
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6 
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31 
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he 

6 

30d 

4 H 

5 

24 

0 2070 

, 'He 

4 
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5 

4 

18 
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ha 

3 
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5H 

3 

14 
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K 

2 
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2 

11 

0 2625 


2 
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205. Dimensions of Casing, Finishing, Shingle, and Fine Nails 

(American Steel & Wire Co.) 

Nail diameters are measured by the A. S. & W. gage. See Div. 1 for 
table. Equivalent B. & S. gage numbers and fractional-inch equivalents 
are given in Table 204. 

|J m»H» >- 

Casing Nail 

»»»»»»» V- * 

Shingle Hail 

Fig 242.—Casing, finishing, shingle, and fine nails. 


ft - 

Finishing Hail 

>* - 

Fine Hall 




(’using 

Finishing 

Shingle 

Fine 

Size 

Length, 

in. 


Approx. 


Approx. 


Approx. 


Approx. 


Gage 

no. per 

Gage 

no. per 

Gage 

no. per 

Gage 

no. pej 




n». 


lb. 


lh. 


lh. 

2d 

1 

15} 2 

1,010 

10>2 

1,351 



1 <>}£ 

1,351 

3d 

1 H 

14*2 

035 

15 1 2 
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13 
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15* 

778 

3Kd 

l% 
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345 



4d 

1 >2 

14 i 
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15 

584 

12 

274 

14 

473 

5d 

m 

14 

400 

15 

. 

500 

12 

235 



6d 

2 

12>2 

230 

13 

309 

12 

204 



7d 

2 H 

12>2 

210 

13 

238 

11 

139 



8d 

2*2 
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12K 

189 

11 

125 



9d 

2% 

11>2 
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12H 
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11 
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3 

10).i 

94 

liH 
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10 
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12d 

3K 

10^' 

87 
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16d 

3K 

10 

71 

11 

90 





20d 

4 

9 

52 

10 
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30d 

4 K 

9 

40 







40d 

5 

8 

35 







2d- 

1 







17 

1,560 

3d- 

1H 







10 

1,015 


° These sizes are called Extra Fine. 
'■This nail is only 1^ in. long. 








Div. 4] GENERAL EQUIPMENT AND BATTERIES 


561 


206. Dimensions of Wood Screws 

Roundheaded wood screws do not measure full length but are from 
He to in. short. For example, a No. 4 by J^-in. roundheaded wood 
screw measures about Ke in. long under the head, and a No. 20 by 
2-in. screw measures about 1 % in. under the head. 


(Refer to Fig. 243.) 
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207. Wood Screws. —Diameters are measured by the American Screw 
Co.'s gage, and range in size from No. 0 to No. 30. They range in length 
from to 6 in. The increase in length is by eighths of an inch up to 
1 in., then by quarters of an inch up to 3 in., and by half inches up to 5 
in. Manufacturers' standards vary, but generally the threaded portion 
is approximately seven-tenths of the total length. There is no standard 
number of threads per inch for the products of all manufacturers. The 
gage and diameter refer to the unthreaded portion of the screw. They 
are available in three types of head (Fig. 243): flat, round, and oval. 

The oval head (see illustration 
for machine screws, Fig. 244) is 
used for especially high-grade 
work such as cabinetwork, 
which must present a very neat 
appearance. 

The ordinary materials used 
for making wood screws are 
steel and brass. The flat- 
headed screws are regularly available in steel, with a natural bright 
finish or galvanized, and in brass. The roundheaded screws are made 
of steel, with a blued or nickel-plated finish, and of brass. The oval¬ 
headed screws are regularly made only of brass with a nickel-plated finish. 

208. Machine Screws.—Diameters are designated by the American 
Screw Co.'s gage and range in size from No. 2 to No. 34. They range 
in length from % to 4 in. The increase in length is by sixteenths of an 
inch up to 1 in., by eighths of an inch up to 2 in., and by quarters of an 
inch up to 4 in. The threaded portion either extends over all or nearly 
all the total length. Machine screws are designated by their gage 


-->i 

Lengfh 
1-Fl eft Head 


A' K 
Length 

I-Rounri Head 


I 
1 

—x 


Fig. 243.—Wood screws. 


K— Length —>| 
I- Flat Head 




I 

\*—Length --->j \*~-Length —>' 

lb Round Head 111-Oval Head 

Fig. 244.—Machine screws. 




K --Length — 
W’ Fillister Head 


number and number of threads per inch. A No. 10-24 screw has a 
diameter corresponding to size No. 10 of the American screw gage and 
has 24 threads per inch. The gage number refers to the diameter over 
the thread. They are available with heads of four different types: flat, 
round, oval, and fillister (Fig. 244). The length of flat-headed screws is 
measured over-all, the length of roundheaded ones includes about one- 
half of the head, the length of oval-headed screws includes the counter¬ 
sinks, and the length of fillister-headed ones is measured from the rim of 
the head. 

Standard machine screws are made of iron or brass. The iron screws 
may be provided with any one of the following finishes: natural bright. 
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blued, nickel, brass or silver plated, silver or copper oxidized, various 
bronzes, japanned, lacquered, coppered, tinned, galvanized, bower 
barffed, or gun metal. 


209. Data for Machine Screws 


Screw 

Diam., 

Standard 

gage No. 

in. 

threads per in. 

2 

0.08416 

48, 56, or 64 

3 

0.09732 

48 or 56 

4 

0.11048 

^32, 36, or 40 

5 

0.12364 

6 

0.13680 

30, 32, or 36 

7 

0.14996 

30 or 32 

8 

0.16312 

30, 32, or 36 

9 

0.17628 

^24, 30, or 32 

10 

0.18944 

12 

0.21576 

20 or 24 

14 

0.24208 

18, 20, or 24 

10 

0.26840 

}l6, 18, or 20 

18 

0.29472 

20 

0.32104 

16 or 18 

24 

0.37368 

14, 16, or 18 

30 

0.45264 

14 or 16 

34 

0 50528 

13 


210. Machine Bolts and Nuts. —Machine bolts are designated by the 
diameter of the shank of the bolt. They range in lengths from to 
30 in. The increase in length is by half inches up to 8 in., and by inches 
up to 30 in. Bolts are regularly furnished with one nut. The standard 
number of threads per inch for the bolts and nuts are as follows: 


Diam. 

X 

Me 

X 

Me 

H 

Me 

E9 

22J 

m 

E3 

H 

No. of threads per in. 

28 

24 

24 

20 

20 

18 

111 

13 

El 

El 

El 


Bolts are made with either square or hexagonal heads and may be 
furnished with nuts of the corresponding shape. They are made of iron 
and may be finished with a natural black or galvanized coating. 
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211. Dimensions and Strengths of Machine Bolts and Nuts 

(Refer to Fig. 245.) 


D 

T 

W 

S 

H 

Q 

u 


V 

Safe tensile 
strength of 
bolt at root 
of thread at 
6,000 lb. 
per sq. in. 

Safe shearing 
strength at 7,500 
lb. per sq. in. 

Full 

bolt 

Root of 
thread 

X 

he 

*8 

1 h 2 

he 

he 

h e 

h 

*8 

160 

370 

200 

?1 6 


'Ha 

2 X 2 


h 

l7 32 

*8 

3 * 

270 

575 

340 

H 

X 2 ' 

he 

*x* 

2 X 2 

he 

h 

47 "64 

5 K4 

410 

830 

510 

116 

2 bU 

2 X 2 

l M 6 


X 

2 3 3 2 

2 *8 2 

1 

560 

1,130 

700 

Yi 

*8 

H 

1 He 

2 h 2 

he 

*he 

61 64 

1 *32 

760 

1,470 

940 

n 


1 h 6 

1 2 X 4 

1 

h e 

1 

1 *32 

i 2 hU 

1,210 

2,300 

1,510 

h 

l %2 

1 I'S 

1**32 

1 1 *6 4 

1 1 1 6 

1 he 

1 3 8 

1 4 h 4 

1,810 

3,310 

2,260 

X 

*Xa 

1 he 

1 55 64 

1 *2 

*h« 

1 H 

l*h 2 

1*^4 

2,520 

4,510 

3,140 

1 

H 

1 ) 2 

1 h 


1 5 1 6 ' 

1 he 

l*he 

2 h 2 

3,300 

5,890 

4,130 

JJs 

2 T 3 2 

lDie 

2 2 *64 

i 8 h 2 

1 

1 

l a he 

2 2 j 2 

2 *16 

4,160 

7,450 

5,200 

1)4 

"U 

1 *8 

2 2 1 3 2 

2 h? 

1 *4 

2 

2 he 

2n 32 

5,350 

9,200 

6,670 

1*8 

i F 32 

2 *16 

2**64 

2 25 64 

1 3 8 

2 he 

2**32 

3 *3 2 

6,340 

11,130 

7,900 

1>2 

l X 

2 X 

3 he 

2**32 

1 h 

2 ** 

2 4 J«4 

3 »* 

7,770 

13,250 

9,700 

1 # $ 

1 2-32 

2 he 

3 *4 

2!he 

1 h 

2 h e 

2 s *3 2 

3 *8 

0,090 

15,550 

11,360 

m 

1 he 

2 *8 

3***2 

3 Vs2 

1 x 

2 h 

3 he 

3h«4 

10,470 

18,000 

13,080 

1H 

l 1 Ha 

2>he 

3® 3 «4 

3 ) 4 

1 X 


2 2 h 4 

4 h 2 

12,300 

20,700 

15,370 

2 

U-2 

3 

4 H 

3**32 

2 

3 >8 

3 % 

4^4 

13,800 

23,560 

17,250 


212. Data on carriage bolts arc given in Div. 7. 

213. Toggle bolts, which are used for fastening raceways and electrical 
devices to hollow tile or plaster-on-metal-lath surfaces, are of two general 
types. The screw type (Fig. 246) is the most frequently used but has 
the disadvantage that if it is ever necessary to entirely remove the screw, 
the toggle is lost within the wall. Where the object fastened must be 
removed and replaced a nut-type toggle bolt (Figs. 247 and 248) can be 
used. When the type of Fig. 247 is used it is usually necessary, after the 
device is in place, to cut off the part of the bolt that extends, so as to give 
a neat appearance. The so-called plumber’s toggle bolt (Fig. 248) has a 
removable, hexagonal cap so that the device can be inserted in the wall 
before the object to be fastened is slipped over the bolt. Then, on 
putting the cap in place, the whole bolt is backed into the wall, hiding 
the surplus thread from view. Cone-headed toggles (Fig. 249) are 
used principally for the erection of metal raceway and have the advan¬ 
tage that the toggle head will readily pass through the hole in the 
raceway backing. A spring-in type of toggle bolt is shown in Fig. 250. 
The wings arc tempered spring steel having a cam action against the 
saddle which throws them to the open position. Toggle bolts, are made 
in several diameters and lengths. 
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214. Lag screws are discussed in Div. 7. 

215. Expansion sleeves, shields, and bolts are used for attaching 
equipment and devices to stonelike materials such as concrete, brick, 


Final PositionPosition while 
_* \ Inserting 

dKo-kv, Formed\ 




Toggle 

■Pivot 

Rolled Thread 


*JT 


Fig. 247.- Nut-type toggle bolt. 


^•—Toggle 


I Metal Raceway Round Head b JJJ Removable Head' 

Bolt Bolt 

Fig. 246.—Screw-typo toggle bolts. Fi«. 24S. -Plumbers’ toggle bolt. 


tile, etc. They are made in a variety of types and consist of a lead sleeve 
or malleable-iron expansion shield which is inserted in a hole cut in the 
masonry. The equipment to be supported is attached to the sleeve or 
shield by means of a wood, 
machine, or lag screw, depend¬ 
ing upon the design of the sleeve 
or shield. As the screw is 
turned into the sleeve or shield, 
it expands the body of the 
sleeve or shield against the 
sides of the hole in the masonry 
so that it grips the masonry 
with considerable holding power. p p jg p 

These devices are called by B —with round-head screw 
various trade names such as f— with flat-head screw 

M—mushroom head, furnished in 

,'Sherctrdized Steel Screw diameter only 

N—reverse R or F screw and add nut on 
any size. 

P—plumbers’ toggle; reverse R or F 
screw and add cap nut on any size 
Fig. 249.—Toggle bolt for Fig. 250.—Spring-in toggle bolt, 

metal raceway. 

expansive anchors, expansion sleeves, expansion screws, or expansion 
bolts and anchors. Data and illustrations of some common types are 
given in the following sections. 
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216. Diamond Multisize Screw Anchors 

These are designed to accommodate in one anchor several diameters 
of wood screws. The purpose is to reduce the number of anchors required 
to accommodate all sizes of screws. They are made in several lengths 
covering the majority of uses and are put up in boxes of 100. 



Fig. 251. 


For wood 
screws, No. 

Length, 

in. 

Size of 
dx ill. m. 

Weight, lh. 
per 100 

6- 8 

*4 

} 4 

1 

6- 8 

1>2 

X 


10-14 

? 4 

'16 

lh 

1(V 14 

1 


o 

10-14 

1'. 

r * 1 it 

2*4 

16-18 

1 


3 

16-18 

1 3 2 

3 h | 

4*4 

20-24 

1»4 

He | 

0*4 


217. Diamond Calking Anchors for Use with Machine Screws 




Hole size, in. 



Diam. of bolt 



Suggested 

Weight, lb. 

oi setew 

Diam. 

Depth 

safe load, lb. 

per 100 

6-32 

x 

« 

80 

1 

8-32 

He 

X 

90 

IX 

10-24 

% 

H 

175 

2 

12-24 

He 

X 

320 

3X 

J*-20 

X 

x 

400 

4X 

He 

H 

i 

480 

11 

H 

H 

IX 

720 

16 

He 

X 

IX 

950 

24 

X 

H 

IX 

1,000 

24 

• H 

l 

2 

1,250 

41 
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Calking anchors are put up in standard packages of 100 for sixes No. 
10-24 and smaller, and in packages of 50 for sizes No. 12-24 and larger. 
One calking tool is in each box. All suggested safe loads are based on 
ideal conditions. 


218. Ackerman-Johnson Expansive Screw Anchors 



Anchor Expansive Anchor, 


nut sleeve assembled 


) 

Setting punch 
Fig. 253. 

The Ackerman-Johnson expansive screw anchor consists of a hard, 
biconoidal, internally threaded nut, within a lead-composition expansive 
sleeve. It is used lor attaching fixtures or wiring to any stonelike mate¬ 
rial as concrete, brick, tile, etc. 

Method of Installing Anchor.—When installed, the sleeve is driven 
farther toward the base of tapered nut, being thereby expanded and 
swedged tightly against the sides of the hole, giving perfect holding con¬ 
tact throughout the length and circumference of the anchor. 

To determine the size anchor best suited for the work, first select the 
screw or bolt to be preferred and then anchors of corresponding size 
number; for example, for work demanding No. 10-24 screws, specify 
No. 10-24 anchor; if 3 s-in. bolts are required, use No. 3 s-in. anchor. 

A setting punch is included with every package of 50 or 100 anchors. 











Hammerless Setting Tool.—Anchors are set perfectly, in tile or other 
thin materials in which the hole extends through or has a weak bottom, 
by means of the hammerless setting tool (see Fig. 254). 
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The stud is screwed into the anchor, which is then inserted in position; 
turning the wheel moves the threaded stud rearward, thus drawing the 
anchor nut into its ductile sleeve, expanding the latter to any degree 



Fig. 254.—Hammerless setting tool. 

required for safe anchorage. The tool is furnished in sizes to use with the 
following sizes of anchor: 8-32, 10-24, 12-24, and J'4-20. 

219. Diamond Lag-screw Shield 

The lag-screw shield is made of malleable iron in two wedge-shaped 
halves. The outer wedge slides forward when the screw is turned, creat¬ 
ing a powerful expansion. The shield is galvanized by Diamond hot-dip 
process. 



Fig. 255. 


Diam. screw, 

Length shield, 

Outside diam. 

and drill 
required, in. 

Standard 

Shipping 

in. 

in. 

package 

1 

weight, lb. 


Long Standard Pattern 


X 

1>2 

X 

100 

4H 

He 

1*4 

X 

100 

5 

% 


% 

100 

10 


3 

X 

100 

16 

% 

3H 

n 

100 

21 

X 

3l 2 

i 

50 

24 


Short Standard Pattern 


Ye 

1 

X 

100 

3 

He 

IX 

X 

100 

3 

X 

ix 

X 

100 

7X 

H 

2 

H 

100 

10 





Div. 4] GENERAL EQUIPMENT AND BATTERIES 569 

220. Interlocking Keystone Expansion Shields (for use with machine 
bolts or machine screws). 1 


Diam., in. 


Length, in. 


Outside diam. and 
drill required, in. 


Weight, lb. 
per 100 


Fig. 256. 


Double 


> 4 " 

11 i 

M 

6 

/16° 

' 1 3 4 

he 

7 

h a 

2 

1 He 

11 

he" 

Vi 

H 

16 

K* 

2h 

H 

20 

h* 

2Ji 

l 

29 

K 

3K 

i H 

52 

% 

4 

i w 

88 

1 

4U 

i K 

114 

IK 

b 

2 K 

300 

1*2 

7h 

2 h 

450 



h° 

i 

1*1 6 

K 

6 

He" 

IK 

he 

6 

H a 

m 

1 K« 

10 

K« 

m 

K 

16 

H" 

2 

l 

20 

n 

2K 

1 he 

46 


1 Packed 100 shields only per box. 


221. Rawlplugs (Fig. 258) are made from stiffened strands of jute 
fiber. The fiber strands are compressed together by a patented process. 
Once in place, a Rawlplug can never crumble or pulp. It is unaffected 
by moisture or change in temperature. 

The screw entering the Rawlplug automatically threads it, which 
permits removal and replacement of screw as often as desired without 


1 Made of malleable iron. 
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stripping the threads so formed The screw cannot be withdrawn by 
direct or indirect pull 

Rawlplugs require only a small hole This makes installation easy 
and assures a neat job. The Rawlplug is invisible when in position, as 

the diameter of the hole and Rawl¬ 
plug is smaller than the head of the 
screw, giving the screw the appearance 
of being screwed into the masonry 
itself 

Owing to the composition, Rawl¬ 
plugs resist and absorb shocks They 
cannot work loose, slip, sheer, or lose 
their viselike gnp. When properly 
inserted the Rawlplug should develop 
the entire strength of the screw or 
of the surrounding material, such as 
concrete, brick, stone, slate, marble, 
plaster, glass, hard rubber, gypsum 
block, wall-board, terra cotta, com¬ 
position walls and floors, wood, and 
metal 

They are made m the sizes listed below m lengths of 1, 1 1 

2, 2%, 3, and 3 l 4 m 


Rawlplug 

Use with 

Diam drill 

Rawldrill No 

Use with tool 

Size twist 

No 

screw No 

required in 

(not diam ) 

holder No 

drill, in 


Rawlplug 

Rawldnll, and Tool-holder Size Data 


b 

5-b 

*32 

b 

14 

**2 

8 

7-8 


8 

14 

No 15 

10 

9-10 

He 

10 

14 

No 10 

12 

11-12 

h 

12 

14 

y< 

14 

14« 

Hz 

14 

14 

%2 

lb 

16“ 

He 

16 

20 

He 

20 

20 b 


20 

20 

H 

Lag-screu Si7es r 

H 

H 

T te 





He 

H 




H 

M 

H 




H 

H 

H 






Fig». 258.—Installation of Rawl¬ 
plugs 


■ Or %-inch lag screw 

* Or H e-inch lag screw 

* For yi-m. lag screw use No 14 or No 16 Rawlplug For H e-ni lag screw use No 20 

Rawlplug 





Fig. 259.—Illustration of principle of Rawl-drive. 


larger than the diameter of the pin itself. They are for use only in solid 
masonry of brick, concrete, or stone. They should not be used in soft 
or brittle materials, such as plaster, wood, composition wood, glass, tile, 
etc. The manufacturer specifies that they have the following holding 
powers: 


Holding Power of Rawl-drives 


Size Rawl- 
drive, in. 

Average direct pull, lb.® 

1-2-4 concrete 

Common brick 

Me X 1H 

1,200 

634 

H X 1 H 

2,325 

1,183 

He X 2H 

4,025 

1,833 

H X 2 

6,450 

2,150 

H X 3 

12,526 

3,700 


° The pounds pull is average of extensive tests of each size bolt. 
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223. Data for Rawl-drives 


Diam. of 
bolt and drill, 
in. 

Length of 
bolt, in. 

Use Rawldrill 
No. or size 

Packed** in 
boxes of 

Approx, weight, 
lb. per 100 bolts 

He 

1 

No. S 

100 

IK 

He 

IK 

No. 8 

100 

2 

4 

i H 

No. 12 

100 

3 

>4 

i 4 

No. 12 

100 

34 

>4 

2 

No. 12 

100 

4 

He 

m 

No. 16 

50 

6 

He 

2 

No. 16 

50 

7 

He 

24 

No. 16 

50 

8 

He 

3 

No. 16 

50 

9 

H 

2 

No. 20 

25 

10 

H 

24 

No. 20 

25 

12 

H 

3 

No. 20 

25 

13 

% 

34 

No. 20 

25 

15 

y% 

3 

>2 m. 

25 

25 

H 

34 

4 in. 

25 

28 

y% 

4 

4 in. 

25 

30 


A standard package consists of four boxes of the same size, length and type. 
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PRINCIPLES, CHARACTERS 1iUS'/'AND MANAGEMENT OF 
D-C GENERATORS 


1. Direct-current generators impress on the line a direct or continuous 
e.m.f.—one that is always in the same direction. Commercial d-c 
generators have commutators and may thereby be distinguished from 
a-c machines. The function of the commutator and the elementary 
ideas of generation of e.m.f. and of commutation are discussed in Div. 1. 
Additional information in regard to commutation as applied to d-c 
motors, which is in general true for d-c generators, is given hereinafter. 

2. Excitation of Generator Fields.—To generate an e.m.f., conductors 
must cut a magnetic field which in commercial machines must be rela¬ 
tively strong. A permanent magnet can be used for producing such a 
field in a generator of small output, such as a telephone magneto or the 
magneto of a megger, but for generators for light and power the field is 
produced by electromagnets, which may be excited by the machine itself 
or “separately excited” from another source. 

Self-excited machines may be of the series, shunt, or compound type 
depending upon the manner of connecting the field winding to the arma¬ 
ture. In the series type of machine, the field winding (the winding which 
produces the magnetic field) is connected in series with the armature 
winding. In the shunt type, the field winding is connected in parallel, 

shunt, with the armature winding. 
Compound machines have two field 
windings on each pole. One of these 
windings is connected in series with the 
armature winding, and the other is con¬ 
nected in parallel or shunt with the 
armature winding. 

3. Armature windings of d-c machines 
may be of the lap or wave type. The 
difference in the two types is in the 
manner of connecting the armature coils 
to the commutator. A coil is the portion 
of the armature winding between succes¬ 
sive connections to the commutator. In the lap type of winding (see Fig. 
1) the two ends of a coil are connected to adjacent commutator segments. 
In the wave type of winding (see Fig. 2) the two ends of a coil are con¬ 
nected to commutator segments that are displaced from «ach other ap¬ 
proximately 360 electrical degrees. 
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The type of armature winding employed affects the voltage and current 
capacity of the machine but has no effect upon the power capacity. 
This is due to the fact that the number of parallel paths between armature 
terminals is affected by the type of winding. For a wave-wound machine 
there are always two paths in parallel in the armature winding between 
armature terminals. For a lap-wound machine there are as many 
parallel paths in the armature wind¬ 
ing as there are pairs of poles on the 
machine. For the same number 
and size of armature conductors a 
machine when wave connected 
would generate a voltage that would 
be equal to the voltage generated 
when lap connected times the num¬ 
ber of pairs of poles. But the cur¬ 
rent capacity would be decreased in 
the same proportion that the voltage 
was increased. The current capacity 
when wave connected is therefore 
equal to the capacity when lap con¬ 
nected divided by the number of pairs of poles. 

4. The value of the voltage generated by a d-c machine depends upon 
the armature winding, the speed, and the field current. For a given 
machine therefore the voltage generated can be controlled either through 



Fig. 2.—Coil on a four-pole wave- 
wound armature. 



Field coil 

Source of 


Elect ro-L 
plating 
vat 



excitation | ' V *‘R 


^Source of excitation 
I-Diagram I-Elementary circuit 

Fig. 3.—Separately excited generator. 


adjusting the speed or the field current. Since generators are usually 
operated at constant speed, the voltage must be controlled by means of 
adjustment of the field current. 

5. Separately excited d-c generators are used for electroplating and 
for other electrolytic work where it is essential that the polarity of a 
machine be not reversed. Self-excited machines may change their 
polarities. The essential diagrams are shown in Fig. 3. The fields may 
be excited from any d-c, constant-potential source, such as a storage 
battery or lighting circuit. 

The field magnets can be wound for any voltage because they have no 
electrical connection with the armature. With a constant field excita- 
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tion, the voltage will drop slightly from no load to full load because of 
armature drop and armature reaction. 

Separate excitation is advantageous when the voltage generated by 
the machine is not suitable for field excitation. This is true for especially 
low- or high-voltage machines. 

6. Series-wound generators have their armature winding, field coils, 
and external circuit connected in series with each other so that the same 
current flows through all parts of the circuit (see Fig. 4). If a series 
generator is operated at no load (external circuit open), there will be no 
current through the field coils, and the only magnetic flux present in the 
machine will be that due to the residual magnetism which has been 
retained by the poles from previous operation. Therefore, the no-load 
voltage of a series generator will be only a few volts produced by cutting 
the residual flux. If the external circuit is closed and the current 


To external 



T Diagram I-Elementary circuit Iff- Characteristic graph 

Fia. 4.—Seiies generator. 


increased, the voltage will increase with the increase in current until the 
magnetic circuit becomes saturated. With any further increases of load 
the voltage will decrease. 

Series generators are used sometimes in street-railway service. They 
are connected in series with long trolley feeders supplying sections of the 
system distant from the supply point, in order to boost the voltage. 
Series generators are also used for supplying the power for certain test 
work. 

7. The shunt-wound generator is shown diagrammatically in Fig. 5, 
I, II. A small part of the total current, the exciting current, is shunted 
through the fields. The exciting current varies from possibly 5 per cent 
of the total current in small machines to 1 per cent in large ones. The 
exciting current is determined by the voltage at the brushes and the 
resistance of the field winding. Residual magnetism in the field cores 
permits a shunt generator to “build up.” This small amount of magnet¬ 
ism that is retained in the field cores induces a voltage in the armature 
(Timbie, “ Elements of Electricity ”). This voltage sends a slight current 
through the field coils, which increases the magnetization. Thus, the 
induced voltage in the armature is increased. This in turn increases the 
current in the fields, which still further increases the magnetization, and 
so on, until the normal voltage of the machine is reached and conditions 
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are stable. This “building up” action is the same for any self-excited 
generator and often requires 20 to 30 sec. 

If a shunt generator (Timbie) runs at constant speed, as more and 
more current is drawn from the generator, the voltage across the brushes 
falls slightly. This fall is due to the fact that it requires more and more 



I-Diagram I-Elementary IH- Characteristic 

circuit graph 

Fig. 5.—Shunt generator. 


of the generated voltage to force this increasing current through the 
windings of the armature, i.e., the armature IR drop increases. This 
leaves a smaller part of the total e.m.f. for brush e.in.f., and then, when 
the brush pressure falls, there is a slight decrease in the field current, 
which is determined by the brush pressure. This and armature reactions 
cause the total e.m.f. to drop a little, which still further lowers the brush 
potential. These causes combine to gradually lower the voltage, espe¬ 
cially at heavv overloads. The curve in Fig. 5, III, shows these charac- 



Fiu. 0.—Shunt-wound generator with rheostat. 


teristics. For small loads the curve is nearly horizontal, but at heavy 
overloads it shows a decided drop. The point where the voltage of a 
commercial machine drops off rapidly is beyond the operating range and 
is only of theoretical interest. 

The voltage of a shunt machine may be kept fairly constant by provid¬ 
ing extra resistance in the field circuit (see Fig. 6), which may be cut out 
as the brush potential falls. This will allow more current to flow through 
the field coils and increase the number of magnetic lines set up in the 
magnetic circuit. If the speed is kept constant, the armature conductors 
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cut through the stronger magnetic field at the same speed, and thus induce 
a greater c.m.f. and restore the brush potential to its former value. This 
resistance may be cut out either automatically or by hand (see Rheostat 
in the Index). 

A shunt-wound generator gives a fairly constant voltage, even with 
varying loads, and can be used for incandescent lighting and other con¬ 
stant-potential loads. These generators will operate well in parallel, 



I .Clockwise MMta. fibgtfSgiSteo 


Fig. 7.—Changing rotation direction of shunt machine. 

because the voltage of the machines decreases as the load increases. 
Shunt generators running in parallel will “divide the load” well between 
themselves if the machines have similar characteristics. 

Shunt generators are now seldom used for general power and lighting 
service, having been superseded by compound-wound machines for this 
service. Shunt generators are employed for the charging of storage 
batteries, for applications requiring a constant voltage which is main¬ 
tained by means of a voltage regulator controlling the shunt field current, 
and for exciters for supplying the d-c field current for a-c generators. 



Fig. 8 . —Connections for shunt generators for parallel operation. 


The necessary change in connections when reversing the direction of 
rotation of a shunt-wound machine is indicated in Fig. 7, Rotation is 
clockwise when, facing the commutator end of a machine, the rotation 
is in the direction of the hands of a clock. Counterclockwise rotation is 
the reverse. It is necessary, when changing the direction of rotation, not 
to reverse the direction of current through the field windings. If it is 
reversed the magnetism developed by the windings on starting will oppose 
the residual magnetism and the machine will not “build up.” 
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8. Parallel Operation of Shunt Generators.— As suggested in Sec. 7* 
shunt-wound generators will in general operate very well in parallel and, 
will divide the load well if the machines have similar characteristics. If 
the machines do not have similar characteristics, one machine will take* 
more than its share of the load and may tend to drive the other as a 
motor. When it is running as a motor its direction of rotation will be 
the same as when it was generating, hence the operator must watch the 
ammeters closely for an indication of this trouble. Shunt generators are 
now seldom installed. Figure 8 shows the connections for shunt genera¬ 
tors that are to be operated in parallel. 

9. The compound-wound generator is shown diagrammatically in 
Fig. 9, I. If a series winding is added in a proper manner to a shunt 

Series field Graph for compound machine* 



rheostat 

1- Diagram I-Elementary H- Characteristic 

circuit graph 

Fig. 9.—Compound generator. 

generator (Fig. 5), the two windings will tend to maintain a constant 
voltage as the load increases. The magnetization due to the series wind¬ 
ings increases as the line current increases, thus tending to increase the 
generated voltage. The drop of voltage at the brushes that occurs in a 
shunt generator may thus be compensated for. 

It is necessary that the series winding be connected in such a maimer 
that its current will aid that of the shunt-field winding in producing 
magnetic flux. With this proper connection, the machine is said to be 
cumulatively connected. If the series field is connected in the reverse 
manner so that the series field tends to produce flux in the opposite 
direction to that produced by the shunt field, the machine is said to 
be differentially connected. The differential connection of compound 
machines is used in some very special cases. 

10. A flat-compounded generator is one having its series coils so pro¬ 
portioned that the voltage remains practically constant at all loads from 
0 to 1 full load. 

11. An overcompounded generator has its series windings so propor¬ 
tioned that its full-load voltage is greater than its no-load voltage. 
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Overcompounding is necessary where it is desirable to maintain a prac¬ 
tically constant voltage at some point out on the line distant from the 
generator. It compensates for line drop. The characteristic curve 
(Fig. 9, III) indicates how the terminal voltage of a compound-wound 
machine is due to the action of both shunt and series windings. The 
voltage of the compound generator at any load is equal to the sum of 
the voltage due to shunt winding plus that due to the series winding. 
Generators are usually overcompounded so that the full-load voltage is 
from 5 to 10 per cent greater than the no-load voltage. 

Although compound-wound generators are usually provided with a 
field rheostat, it is not intended for regulating voltage as the rheostat of 
a shunt-wound machine is. It is provided to permit initial adjustment 
of voltage and to compensate for changes of the resistance of the shunt 
winding caused by heating. With a compound-wound generator, the 
voltage having been once adjusted, the series coils automatically 
strengthen the magnetic field as the load increases. For d-c power and 
lighting work, compound-wound generators are used almost universally. 

12. If a compound-wound generator is short-circuited, the field 
strength due to the series windings will be greatly increased, but the field 
due to the shunt winding will lose its strength. For the instant or so 
that the shunt magnetization is diminishing, a heavy current will flow. 
If the shunt magnetization is a considerable proportion of the total 
magnetization the current will decrease after the heavy rush and little 
harm will be done if the armature has successfully withstood the heavy 
rush. However, if the series magnetization is quite strong in proportion 
to the shunt, their combined effect may so magnetize the fields that the 
armature will be burned out. 

13. A short-shunt, compound-wound generator has its shunt field 
connected directly across the brushes (see Fig. 9, II). Generators are 

usually connected in this way because it 
tends to maintain the shunt-field cur¬ 
rent more nearly constant on variable 
loads, as the drop in the series winding 
does not directly affect the voltage on 
the shunt field with this arrangement. 

14. A long-shunt generator has its 
shunt-field winding connected across 
the terminals of the generator (see Fig. 
10 ). 

15. Nearly all commercial d-c generators have more than two poles. 

A two-pole machine is a bipolar machine; one having more than two poles 
is a multipolar machine. Figure 11 shows the connections and the 
direction of the magnetic flux of a four-pole machine. Diagrams for 
machines having more poles would be similar. In multipolar machines 
there is usually one set of brushes for each pair of poles, but with wave- 



Fig. 10.—Long-shunt compound- 
wound generator. 
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wound armatures, such as are used for railway motors, one set of brushes 
may suffice for a multipolar machine. The connections of different 
makes of machines vary in detail, and the manufacturers will* always 
furnish complete diagrams, so no attempt will be made to give them here. 
The directions of the field windings on generator frames are given in 
Pig. 12. The directions of the windings on machines having more than 
four poles are similar in general to those of the four-pole machines. 


Line-. 

Ip oLocrd ^ 



■Shunt Fieki 
Winding 


Field 
Winding 

Connections. 



Direction of 
Magnetic Flux. 


Fig. 11. —Diagrams for four-pole compound-wound generator. 



F B >P° tar Machine n * Modern Bipoloir m Muitipoloir Machine 
Fig. 12. —Direction of field windings on generator frames. 


16. A series shunt for a compound generator consists of a low-resist¬ 
ance connection across the terminals of the series field (see Figs. 13 and 
14) by means of which the compounding effect of the series winding may 
be regulated by shunting more or less of the armature current past the 
series coils. It may be in the form of grids, on large machines, or of 
ribbon resistors. In the latter case it is usually insulated and folded into 
small compass. 

17. Parallel operation of compound-wound generators is readily 
effected if the machines are of the same make and voltage or are designed 
with similar electrical characteristics (Westinghouse Electric & Manu¬ 
facturing Co.). The only change usually required is the addition 
of an equalizer connection between machines. If the generators have 
different compounding ratios it may be necessary to readjust the series- 
field shunts to obtain uniform conditions. 

18. An equalizer, or equalizer connection, connects two or more gen* 
erators operating in parallel at a point where the armature and eeries- 
field leads join (see Fig. 13), thus connecting the armatures in multiple 
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and the series coils in multiple, in order that the load will divide between 
the generators in proportion to their capacities. The arrangement of 
connections to a switchboard (Westinghouse Electric & Manufactur¬ 
ing Co.) is shown in Fig. 14. Consider, 
for example, two compound-wound ma¬ 
chines operating in parallel without an 
equalizer. If, for some reason, there is a 
slight increase in the speed of one ma¬ 
chine, it would take more than its share of 
load. The increased current flowing 
through its series field would strengthen 
the magnetism, raise the voltage, and 
cause the machine to carry a still greater 
amount until it carried the entire load. 
Where equalizers are used, the current 
flowing through each series coil is propor¬ 
tional to the resistance of the series coil 
circuit and is independent of the load on 
any machine; consequently an increase of voltage on one machine builds 
up the voltage of the other at the same time, so that the first machine 
cannot take all the load but will continue to share it in proper proportion 
with the other generators. 



Fig. 13.—Elementary con¬ 
nections for parallel operation 
of compound-wound gener¬ 
ators. 


issqijg 



* Shuntfield- ’ 

Fig. 14. Diagram of 
connections of two com¬ 
pound-wound generators 
to switchboard. (West- 
inghouse Electric & Manu¬ 
facturing Co.) 



r Shunt fntd-"* ^ "* 'ShunrFMf 

Fig. 15. —Diagram of connections 
of two direct-current coinmutating- 
pole generators in parallel with one 
generator without commutating 
poles. 


19. Operation of a shunt and a compound dynamo in parallel is not 
successful because the compound machine will take more than its share of 
the load unless the shunt-machine field rheostat is adjusted at each change 
in load. 
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20. Connecting Leads for Compound Generators. —See that ail th& 
cables for machines of equal capacity that lead from the series fields of 
the various machines to the bus bars are of equal resistance. This means 
that if the machines are at different distances from the switchboard, 
different sizes of wire should be used, or resistance should be inserted in 
the low-resistance leads. 

With generators of small capacity the equalizer is usually carried to 
the switchboard, as suggested in Figs. 14 and 15, but with larger ones it 
is carried under the floor directly between the machines (Fig. 16). The 
positive and the equalizer switch of each 
machine may be mounted side by side on a 
pedestal near the generator (Fig. 16). The 
difference in potential between the two 
switches is only that due to the small drop 
in the series coil. The positive bus bar is 
carried along under the floor near the ma¬ 
chines. This permits leads of minimum 
length. Leads of equal lengths should be 
used for generators of equal capacities. If 
the capacities are unequal (see Sec. 24) it 
may be necessary to loop the leads (see Fig. 

16). 

21. Ammeters and circuit breakers for compound generators should, 
as in Fig. 14, always be inserted in the lead not containing the compound 
winding. If the ammeters are put in the compound-winding lead the 
current indications will be inaccurate because current from this side of 
the machine can flow either through the equalizer or the compound¬ 
winding lead. 

22. To Start a Shunt- or Compound-wound Generator.—(1) See that 
there is enough oil in the bearings, that the oil rings are working, and that 
all field resistance is cut in. (2) Start the prime mover slowly and permit 
it to come up to speed. See that the oil rings are working. (3) When 
machine is up to normal speed, cut out field resistance until voltage of 
the machine is normal or equal to or a trifle above that on the bus bars. 
(4) Throw on the load. If three separate switches are used, as in Fig. 13, 
dose the equalizer switch first, the series coil line switch second, and the 
other line switch third. If a three-pole switch is used, as in Fig. 14, all 
three poles are, of course, closed at the same time. (5) Watch the volt¬ 
meter and ammeter and adjust the field rheostat until the machine takes 
its share of the load. A machine generating the higher voltage will 
take more than its share of the load, and if its voltage is too high it will 
run the other as a motor. 

23. To Shut Down a Shunt- or Compound-wound Generator Operating 
in Parallel with Others. —(1) Reduce the load on the machine as much 
as possible by cutting resistance into the Bhunt-field circuit with the field 



Fig. 16.—Equalizer carried 
directly between machines. 
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rheostat. (2) Throw off the load by opening the circuit breaker, if one is 
used, otherwise open the main generator switches. (3) Shut down the 
driving machine. (4) Wipe off all oil and dirt, clean the machine, and 
put it in good order for the next run. Turn all resistance in the field 
rheostat. Open the main switch. 

24. To Adjust the Division of Load between Two Compound-wound 
Generators.—First adjust the series shunts of both machines so that, as 
nearly as possible, the voltages of both will be the same at one-fourth, 
one-half, three-fourths, and full load. Then connect the machines in 
parallel, as suggested in Fig. 13, for trial. If, upon loading, one machine 
takes more than its share of the load (amperes), increase the resistance 
of the path through its series-field coil path until the load divides between 
the machines proportionally to their capacities. Only a small increase 
in resistance is usually needed. The increase may be provided by 
inserting a longer conductor between the generator and the bus bar, or 
iron or german-silver washers can be inserted under a connection lug. 
Inasmuch as (when machines are connected in parallel) adjustment of 
the series-coil shunt affects both machines similarly, nothing can be 
accomplished through making such adjustment. 

26. Commutating-pole, D-c Generators.—Generators without com¬ 
mutating poles (Westinghouse Electric & Manufacturing Co.) which 
operate under severe overloads and over a wide speed range are apt to 
spark under the brushes at the extreme overloads and at the higher 
speeds. This is because the field due to the armature current distorts 
the main field to such an extent that the coils being commutated under 
the brush are no longer in a magnetic field of the proper direction and 
strength. To overcome this, commutating poles are placed between 
the main poles (see Fig. 17). These commutating poles introduce a 
magnetic field of such direction and strength as to maintain the magnetic 
field, at the point where the coils are commutated, at the proper strength 
for perfect commutation. Commutating poles are sometimes called 
interpoles. “Commutating poles” is a preferable term. 

The winding on the commutating poles is connected in series with the 
armature so that the strength of the corrective field increases and 
decreases with the load. The adjustment and operation of commutating- 
pole generators is not materially different from that of noncommutating- 
pole machines. 

When the brush position of a commutating-pole machine has once 
been properly fixed, no shifting is afterward required or should be made, 
and most commutating-pole generators are shipped without any shifting 
device. An arrangement for securely clamping the brush-holder rings to 
the field frame is provided. 

In commutating-pole apparatus, accurate adjustment of the brush 
position is necessary. The correct brush position is on the no-load 
neutral point, which is located by the manufacturer. A template is 
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furnished with each machine, or some other provision is made whereby 
the brush location can be determined in the field. If the brushes are 
given a backward lead on a commutatmg-pole generator, the machine 
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There is an additional detrimental influence which tends to retard 
the rapid reversal of the current even when all other influences are absent. 
This latter influence is due to the local magnetizing effect of the current 
in the coil under the brush. On account of this the lines of force which 
surround the conductor change in value with the fluctuations of the 
current as it tends to be reversed. This generates in the coil an e.m.f. 
which opposes the change in the value of the current. This reactive 
e.m.f. is in the same direction as that due to the cutting of the flux by the 
coil under the brush and is likewise proportional to the speed. 

It will be apparent that even were the field distortion completely 
neutralized, the detrimental reactive e.m.f. would yet remain. The 
improved and practically perfect commutation of the commutating-pole 

machine is due to the fact that the 
flux, which is locally superposed upon 
the main field, not only counterbal¬ 
ances the undesirable main flux cut 
by the coil under the brush, but it 
causes to be generated within the coil 
an e.m.f. sufficient to equal and op¬ 
pose the reactive e.m.f. just referred 
to. This effect will be appreciated 
from a study of Fig. 19, which repre¬ 
sents the distorted flux of the motor 
of the usual design, as shown in Fig. 
18, and indicates the results to be 
expected when the flux due to the 
auxiliary or commutating pole is 
given the relatively proper value. 

It is worthy of note that this desirable effect is the more pronounced 
the weaker the main field; and that the commutation voltage, if correct 
for a low speed, is correct for a high speed; and that with increase of 
load-current and main-field distortion there is a proportional increase of 
countermagnetizing field produced in the coil under the brush, up to the 
point of magnetic saturation of the auxiliary pole; and that sparkless 
operation is ensured for all operating ranges both of speed and load. 

27. The action of the magnetic flux in a commutating-pole generator 
is illustrated in Fig. 20. The direction of the main field flux is shown 
by the dashed line. The direction of the armature magnetization is 
shown by the dotted lines. The direction of the flux in the commutating 
pole is shown by the full line. It is evident that the commutating-pole 
flux is in a direction opposite to that of the armature flux, and as the 
commutating-pole coil is more powerful at the commutating point in 
its magnetizing action than the armature coils, the flux of the armature 
coils is neutralized. With a less powerful magnetizing force from the 
commutating pole than from the armature at the commutating point, the 
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Fig. 19.—Distribution of mag¬ 
netic flux at full load, with and 
without commutating poles. 
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armature would overpower the commutating pole and reverse the direc¬ 
tion of the flux, which would result in a bad commutating condition. 

28. To Determine 
the Neutral Point of a 
Motor or Generator 
(Fig. 21).—Two cop¬ 
per-wire contact 
points, or contactors, 

C are inserted in an 
insulating block and 
are allowed to extend 
through it about Y\ 6 
in. The distance be¬ 
tween the centers of the 
points should be equal 
to the width of one 
commutator bar. The 
contactors are con¬ 
nected to a millivolt- 
meter V , which should, preferably, be of the differential type. Place 
both points on the commutator while the machine is being rotated with 

the brushes lifted from the commutator and 
the shunt field is being excited. While shift¬ 
ing the p>oints around the periphery of the 
commutator, hold the block so that an imagi¬ 
nary line connecting the two contact points 
will be perpendicular to the axis of the 
commutator. 

If a differential voltmeter is used, its needle 
will indicate either to the right or to the left 
of the zero point until the contacts are exactly 
over the neutral position; then the voltmeter will read zero. The brushes 
may now be shifted so that an 
imaginary line, parallel to the 
axis of the commutator and 
bisecting the bearing surface of 
the brush, will coincide with a 
point equidistant between the 
two contact points. 

29. To Determine the Proper 
Polarity of the Commutating 
Poles. —For a motor : proceeding 
from pole to pole around the 
frame in the direction of armature rotation, each commutating pole should 
have the same polarity as the main pole which just precedes it (Fig. 22,1). 



I*M o t o r 2-Generator 


Fig. 22. —Diagram showing polarity 
of commutating poles. (Clockwise 
rotation.) 



Fig. 21.—Connections 
for determination of the 
neutral point. 


Commute* 



Fig. 20.—Distribution of flux in a eommutating- 
pole generator. 
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For a generator: proceeding from pole to pole around the frame, in the 
direction of armature rotation, each commutating pole should have a 
polarity opposite to that of the main pole which just precedes it (Fig. 
22, II). 

30. Commutating-pole machines will run in parallel with each other 
and with noncommutating-pole machines, provided correct connections 
are made. See illustrations. The series-field windings on commutating- 
pole machines are usually less powerful than on noncommutating-pole 
machines; and particular attention should, therefore, be paid to getting 
the proper drop in accordance with instructions of Sec. 24. A connection 
diagram is shown in Fig. 15. 

31. Three-wire, d-c generators are ordinary d-c generators with the 
modifications and additions described below. They are usually wound 
for 125/250-volt, three-wire circuits. In commercial three-wire genera¬ 
tors (Westinghouse Electric & Manufacturing Co.), four equidistant 

taps are made in the armature winding, 
and each pair of taps diametrically opposite 
each other is connected together through a 
balance coil. These balance coils may be 
external (Fig. 23) or wound within the arma¬ 
ture. The middle points of the two balance 
coils (see Index) are connected together, and 
this junction constitutes the neutral point to 
which the third or neutral wire of the 
system is connected. A constant voltage is 
maintained between the neutral and outside 
wires which, within narrow limits, is one-half 
the generator voltage. The generator shaft is extended at the commuta¬ 
tor end for the collector rings. Four collector brushes and brush holders 
are used in addition to the regular d-c brushes and brush holders. 

32. The series coils of compound-wound, three-wire generators are 
divided into halves (see Fig. 23), one of which is connected to the positive 
and one to the negative side. This is done to obtain compounding on 
either side of the system when operating on an unbalanced load. To 
understand this, consider a generator with the series field in the negative 
side only and with most of the load on the positive side of the system. 
The current flows from the positive brush through the load and back 
along the neutral wire without passing through the series field. The 
generator is then operating as an ordinary shunt machine. If most of 
the load is on the negative side, the current flows out the neutral wire and 
back through the series fields, boosting the voltage the maximum amount. 
Such operation is evidently not satisfactory, and so the divided series 
fields are provided. 

33. Switchboard Connections for Three-wire Generators. —Figure 
24 is a diagrammatical representation of the switchboard connections for 



Collector 'Series 
If mas Field 


Fig. 23. -Diagram show¬ 
ing connections for three- 
wire generator. 
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two three-wire generators operated in multiple (Westinghouse publica¬ 
tion). Two ammeters indicate the unbalanced load. The positive 
lead and equalizer are controlled by a double-pole circuit breaker; the 
negative lead and equalizer likewise. Note that both the positive and 
negative equalizer connections as well as both the positive and negative 
leads are run to the circuit breakers in addition to the main switches 
on the switchboard. It is necessary that this be done in all cases. 
Otherwise, when two or more machines are running in multiple and the 
breaker comes out, opening the main circuit to one of them but not 
breaking its equalizer leads, its ammeter is left connected to the equalizer 
bus bars and current is fed into it from the other machines through the 
equalizer leads, either driving it 
as a motor or destroying the arma¬ 
ture winding (see also Figs. 25 and 
26). 

34. As there are two series 
fields, two equalizer busses are 
required when several three-wire 
machines are installed (see Fig. 

24) and are to be operated in 
parallel. The two equalizers 
serve to distribute the load equally 
between the machines and to pre¬ 
vent crosscurrents due to differ¬ 
ences in voltage on the different 
generators. Because of the equal¬ 
izer connections, two small ter¬ 
minal boards are supplied, one for each side of the generator. Arrange¬ 
ment is also made for ammeter shunts on the terminal boards. 

An ammeter shunt is mounted directly on each of the contact boards of 
the machine. The total current output of the machine can thereby 
be read at the switchboard. As the shunts are at the machine, there is 
no chance for current to leak across between generator switchboard leads 
without causing a reading on the ammeters. Two ammeters must be 
provided for reading the current in the outside wires. It is important 
that the current be measured on both sides of the system, for with an 
ammeter in one side of the system only, it is possible for a large unmeas¬ 
ured current to flow in the other side with disastrous results. 

36. Wires connecting the balance coils to a three-wire generator must 
be short and of low resistance. Any considerable resistance in these will 
affect the voltage regulation. The unbalanced current flows along these 
connections; consequently, if they have much resistance, the resulting 
drop in voltage reduces the voltage on the heavily loaded side. 

Switches are ordinarily not placed in the circuits connecting the four 
collector rings to the balance coils. When necessary, the coils may be 



Fig. 24.—Diagram of connections 
of two three-wire d-c generators oper¬ 
ating in parallel, 125-250 volts. 
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disconnected from the generator by raising the brushes from the collector 
rings. Switching arrangements often make it necessary to run the bal¬ 
ance-coil connections to the switchboard and back, requiring heavy leads 

to keep the drop low; or if heavy 
leads are not used, then poor 
regulation may result. The 
balance coils are so constructed 
that there is very little likelihood 
of anything happening to them 
that will not be taken care of by 
the main circuit breakers. Com¬ 
plete switchboard connection 
diagrams are given in Figs. 24, 
25, and 26. 

36. Commutating-pole, 
Three -wire Generators.—On 

three-wire generators, connec¬ 
tions are so made that one-half 
of the commutating-pole wind¬ 
ing is in the positive side and the other half is in the negative side. 
This ensures proper action of the commutating pole at unbalanced load 
(see Figs. 24, 25, and 26 and the text accompanying them). 

37. Three-wire, direct-current generators can be operated in multiple 
(Westinghouse publication) with each other and in multiple with other 
machines on the three-wire 
system (see Figs. 24, 25, and 26). 

When operating a three-wire, 

250-volt generator in multiple 
with two-wire, 125-volt genera¬ 
tors, the series fields of the two 
two-wire generators must be 
connected, one in the positive 
side and one in the negative side 
of the system, and an equalizer 
must be run to each machine. 

Similarly, when operating a 
three-wire, 250-volt generator in 
multiple with a 250-volt, two- 
wire generator, the series field of 
the 250-volt, two-wire generator 
must be divided and one-half connected to each outside wire. The 
method of doing this is to disconnect the connectors between the series- 
field coils and reconnect these coils so that all the N pole fields will be in 
series on one side of the three-wire system and all the S pole fields in series 
on the other side of the system. 



Fig. 26.—One three-wire d-c gen¬ 
erator, 125-250 volts, in parallel with 
one two-wire generator, 250 volts. 
Diagram of connections. 



Fig. 25. One thiee-wire d-c gener¬ 
ator, 125-250 volts, in parallel with two 
two-wire generators, 125 volts. Dia¬ 
gram of connections. 
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38. Testing for Polarity. —When a machine that is to operate in 
parallel with others is connected to the bus bars for the first time it should 
be tested for polarity. The -f- lead of the machine should connect to 
the -|- bus bar and the — lead to the — bus bar (Fig. 27,1). The machine 
to be tested should be brought up to normal voltage but not connected 
to the bars. The test can be made with two lamps (Fig. 27, II), each 
lamp of the voltage of the circuit. Each is temporarily connected 
between a machine terminal and bus terminal of the main switch. If 
the lamps do not burn, the polarity of the new machine is correct, but if 
they burn brightly its polarity is incorrect and should be reversed. A 
voltmeter can be used (Fig. 27, III). A temporary connection is made 




Voltmeter 

1-Test With Volt meter 


across one pair of outside terminals and the voltmeter is connected 
across the other pair. No deflection or a small deflection indicates cor¬ 
rect polarity. (Test with voltmeter leads one way and then reverse 
them, as indicated by the dotted lines.) A full-scale deflection indicates 
incorrect polarity. Use a voltmeter having a voltage range equal to twice 
the voltage on the bus bars. 

39. Third-brush generators are widely used on automobiles for provid¬ 
ing the necessary electric power for the charging of the storage battery 
and operation of lights. If an ordinary generator were employed for this 
purpose the voltage would vary over a wide range as the speed of the car 
changed. The voltage would vary nearly proportionally to the speed. 
This, of course, would not be satisfactory either for the proper charging 
of the battery or for operation of the car lights. The third-brush genera¬ 
tor is a special shunt generator with the field winding connected between 
one of the main brushes and the auxiliary or third brush (see Fig. 28). 
As the speed of the automobile increases, thereby increasing the speed of 
the generator, the voltage tends to increase. This increase in voltage 
increases the current delivered by the generator. But the increase in 
current so changes the magnetic-flux distribution in the machine that 
the voltage between the third brush and main brush A is reduced. This 
reduces the field current and therefore flux of the machine and tends to 
bring the main voltage between brushes A and C back to its former 
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value. This action does not maintain absolutely constant voltage for 
different speeds, but the voltage is held within certain limits so that an 
excessive voltage is not developed at high speeds which would overcharge 
the battery and shorten the life of the lamps. 




Fig. 28.—Third-brush generator. (From Dawes, 41 Electric Engineering - 
Direct Currents.") 

40. Diverter-pole generators are a special type of d-c generator (devel¬ 
oped by the Electric Products Co.) that have particular advantages for 
the charging of batteries by the floating method of charge. The machine 
is constructed with additional pole pieces (the diverter poles) located mid¬ 
way between the main poles in the same manner as commutating poles. 
Each main pole is connected by a magnetic bridge to one diverter pole. 
The windings of the main poles are connected in shunt with the armature 
winding, and the windings of the diverter poles in series with the armature 
winding. The construction, connections, and load-voltage characteris¬ 
tics for such a generator are shown in Fig. 29. These generators will 
produce an almost constant terminal voltage from no load to 110 per cent 
of rated load. Above 110 per cent of rated load the voltage drops very 
rapidly. 

At no load, a part of the magnetic flux resulting from the shunt coil 
on the main pole piece is diverted and does not pass through the armature. 

As the load increases, the series winding on the diverter pole rediverts 
this flux to the armature and provides a commutating field. 

By proper proportioning of the shunt and series windings, the flux 
in the armature varies with the load so as to compensate for the IR drop 
in the generator and for speed changes of the driving motor. 

A flat voltage curve is obtained, since the necessary magnetic changes 
produced by the series winding take place only in the diverter pole, the 
flux from the main pole remaining constant. The flux densities in the 
diverter pole are kept low so that the magnetic changes which occur in 
this part of the magnetic circuit take place on the straight portion of the 
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I. Frame and field-winding construction. 

Diverter Adjustable shurrHbr 
field y diverter field 



II. Diagram of connections. 



III. Load-voltage characteristic. 

Fig. 29. —Diverter-pole generator. (Electric Products Co.) 
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magnetization curve, thus eliminating most of the curvature from the 
voltage characteristic. 



I Cutaway view of the Flexarc welder 



Amperes Hours 

n. hi. 

Fig. 30.—Flexarc welding generator. (II) Characteristic curve of 200-amp 
Flexarc welder, gas-engine driven. (Ill) Curve showing variation of welding 
current as set warms up after starting cold. No adjustments of current 
control during test. Voltage constant at 40 volts. 

By correct adjustment of the diverter-pole winding, by means of an 
adjustable shunt, a very straight flat curve is obtained with only a very 
slight rise on approaching zero load. 
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At some value of the load current the ampere turns on the diverter 
pole will equal those on the main pole, and, at this time, the magnetic 
flux leaking across the bridge to the diverter pole is all rediverted across 
the air gap; hence there is no further leakage flux for an increased current 
to redivert to the armature. 

When the load is increased beyond this point, the increased ampere 
turns on the diverter pole combine with the armature cross-magnetizing 
force to send magnetic flux in the reverse direction across the leakage 
bridge, which tends to demagnetize the main pole and reduce the genera¬ 
tor voltage. 

Good commutation is assured, as the diverter pole provides a com¬ 
mutating field of the correct direction for improving commutation, and 
this field varies with the current output just as in a commutating pole 
generator. 

41. Flexarc generators (Fig. 30) are special series generators manu¬ 
factured by the Westinghouse Electric & Manufacturing Co. for 
supplying the energy for electric welding. The pole tips are connected 
by means of iron leakage or damper 
plates. These plates form a good mag¬ 
netic path for the magnetomotive force 
of the armature to act upon and thus 
increase the armature reaction effect of 
the armature current. The welding 
current is regulated by the position of 
the damper plates with respect to the 
poles. The position of the plates is 
controlled by means of a handwheel. 

A pointer connected to the handwheel 
shaft is fitted with a dial, called the 
pre-act dial. The dial is calibrated in 
amperes so that the operator can adjust 
the handwheel for any desired welding 
current before he starts welding. 

Typical voltage-current characteristics 
for one of these welding generators are 
shown in Fig. 30, H. Each curve is the characteristic for a certain setting 
of the handwheel. The variation of welding current from cold starting 
to hot condition is very small, as shown in Fig. 30, III. With these 
generators there is no shunt field, and therefore no field rheostat or exciter 
is required for their control. They also eliminate the use of an external 
reactor for the limitation of current surges. 

42. The efficiency of a d-c generator increases with the load up to a 
certain point. Figure 31 indicates typical efficiency performances. 
Large-capacity machines have higher full-load efficiencies than small 
ones. Generators should be selected of such capacity that they will, in 



•Amperes Output in Per Cent, 
of Rated Full- Load Output 

Fio. 31. — Efficiency graph of a 
10-kw. compound-wound d-c gen¬ 
erator. 
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so far as possible, operate at loads in the neighborhood of their normal 
ratings. 

43. Approximate Data on Standard, Compound-wound, D-c, 
Commutating-pole Generators 

The efficiency of a generator depends on its design, and, to a certain 
extent, on its speed and voltage. Average values are given in the follow¬ 
ing table that are fairly representative of modern practice. 


Capacity, kw. 

Output current, 

amp. 

Efficiency, per cent 

125 

volts 

250 

volts 

500 

volts 

>2 

load 

H 

load 

Full 

load 

5 

40 

20 

10 

77.0 

81.0 

82.5 

10 

80 

40 

20 

82.0 

85.0 

86.0 

15 

120 

60 

30 

82.5 

86.5 

86.5 

20 

160 

80 

40 

84.0 

86.5 

87.5 

25 

200 

100 

50 

85.0 

88.0 

89.0 

35 

280 

140 

70 

87.0 

89.0 

89.5 

50 

400 

200 

100 

88.0 

89 5 

90.5 

00 

480 

240 

120 

88.5 

90.5 

91.0 

75 

000 

300 

150 

88.5 

90.5 

91.0 

90 

720 

360 

180 

88.5 

90.5 

91.0 

100 

800 

400 

200 

89.0 

90.5 

91.0 

125 

1,000 

500 

250 

90.5 

91.0 

91.0 

150 

1,200 

600 

300 

90.5 

91.3 

91.5 

200 

1,600 

800 

400 

91.0 

91.5 

92.0 

300 

2,400 

1,200 

600 

91.3 

91.8 

92.0 

400 

3,200 

1,600 

800 

91.8 

92.3 

92.5 

500 

4,000 

2,000 

1,000 

91.8 

92.2 

92.5 

750 

6,000 

3,000 

1,500 j 

92.0 

92.3 

92.5 

1,000 

8,000 

4,000 

2,000 

92.5 

93.0 

93.5 


44. Rating of D-c Generators. —The standard methods of rating 
generators are as follows: 

Continuous Rating. —A generator given a continuous power-output 
rating will carry its rated load continuously in an ambient temperature of 
40°C. without exceeding a specified rise in temperature. Generators 
rated on a 40°C. rise basis will carry 115 per cent of their rated load 
continuously without injury to themselves, provided that the service 
conditions are normal. The factor of 1.15 is known as a service factor. 

Nominal Rating. —A generator given a nominal power-output rating 
will carry 50 per cent overload for a period of 2 hr. without injury to 
itself 
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Continuous with 2-hr. 26 Per Cent Overload Rating. —A generator rated 
on this basis in addition to carrying its rated power load continuously will 
carry 25 per cent overload for a period of 2 hr. without injury to itself. 

46. Brushes, Their Adjustment and Care (Westinghouse Instruction 
Book).—The position of the brushes on a d-c generator should be on or 
near the no-load neutral point of the commutator. This neutral point on 
most standard, noncommutating-pole generators is in line with the 
center of the pole, and the brushes should be set a little in advance of this 
neutral point. The brushes of noncommutating-pole generators should 
be given a slight “forward lead” in the direction of rotation of the arma¬ 
ture. Motor brushes should be set somewhat back of the neutral point, 
the “backward lead” in this case being approximately equal to the for¬ 
ward lead on generators. The exact 
position in either case is that which gives 
the best commutation at normal voltage 
for all loads. In no case should the 
brushes be set far enough from the 
neutral point to cause dangerous spark¬ 
ing at no load. For commutating-pole 
machines it is essential that the brushes 
be located at the neutral point. 

The ends of all brushes should be 
fitted to the commutator so that they 
make good contact over their entire bearing faces. This can be most 
easily accomplished after the brush holders have been adjusted and 
the brushes inserted as follows: Lift a set of brushes sufficiently to permit 
a sheet of sandpaper to be inserted. Draw the sandpaper in one direction 
only, preferably in the direction of rotation, under the brushes (Fig. 32) 
being careful to keep the ends of the paper as close to the commutator 
surface as possible and thus avoid rounding the edges of the brushes, each 
set of brushes being similarly treated in turn. Start with coarse and 
finish with fine sandpaper. With copper-plated brushes, bevel their 
edges slightly, so that the copper will not touch the commutator. 

46. Operating Instructions. —Do not lubricate the commutator with 
oil; a piece of muslin moistened with vaseline may be used to clean and 
lubricate the commutator. 

Emery is a conductor and should not be used in fitting brushes or 
cleaning the commutator; use sandpaper or sandstone (Sec. 77) and do 
not use it on the commutator too frequently. 

Do not use greater brush tension than necessary; tension greater than 
2 lb. per sq. in. is seldom required. When replacing brushes, use the 
quality and size originally supplied with the machine, and fit them to 
the commutator with sandpaper before use (Sec. 46). Do not open 
generator-field circuits quickly; open the switch slowly, permitting the 
arc to extinguish gradually, which should take about 5 sec. 



Fiu. 32.—Sandpapering 
brushes. 
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THEIR LOCALIZATION AND CORRECTION 
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Direct-current Generator and Motor Defects ( Continued) 
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Direct-current Generator and Motor Defects (Continued) 
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Armature or pulley out of balance Faulty construction, armature and pulley should have been balanced when made. 

May be helped by balancing on knife-edges now 34 

Armature strikes or rubs pole pieces A . Bend or press down any projecting wires, and secure with tie bands. 35 

B. File out pole pieces where armature strikes (see 30, 33) 

Collars or shoulders on shaft strike or Bearings may be loose or worn out. Perhaps new bearings are needed (see 30, 31) 36 
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Direct-current Generator and Motor Defects (Continued) 
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Direct-current Generator and Motor Defects ( Continued ) 
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48. When starting, a generator may fail to excite itself (Westinghouse 
Instruction Book).—This may occur even when the generator operated 
perfectly during the preceding run. It will generally be found that this 
trouble is caused by a loose connection or break in the field circuit, by 
poor contact at the brushes due to a dirty commutator or perhaps to a 
loss of residual magnetism, or by incorrect position of brushes. Examine 
all connections; try a temporarily increased pressure on the brushes; look 
for a broken or burned-out resistance coil in the rheostat. An open 
circuit in the field winding may sometimes be traced with the aid of a 
magneto bell; but this is not an infallible test, as some magnetos will not 
ring through a circuit of such high resistance and reactance even though 
it is intact. If no open circuit is found in the rheostat or in the field 
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Fig. 33.—Exciting a generator. 


Fig. 34.—Another method of 
exciting a generator. 


winding, the trouble is probably in the armature. But if it is found that 
nothing is wrong with the connections or the winding it may be necessary 
to excite the field from another generator or some other outside source. 

Calling the generator we desire to excite “1,” and the other machine 
from which current is to be taken “2,” this procedure should be followed. 
Open all switches and remove all brushes from generator 1; connect the 
positive brush holder of generator 1 with the positive brush holder of 
generator 2; also connect the negative holders of the machines together 
(it is desirable to complete the circuit through a switch having a fuse of 
about 5 amp. capacity in series). Close the switch. Where the genera¬ 
tor in trouble connects to bus bars fed by other generators, the same 
result can be effected by insulating the brushes of the machine in trouble 
from their commutator and closing the main switch (see Fig. 33). If 
the shunt winding of generator 1 is all right, its field will show consider¬ 
able magnetism. If possible, reduce the voltage of generator 2 before 
opening the exciting circuit; then break the connections. If this cannot 
be done, throw in all the rheostat resistance of generator 1; then open 
the switch very slowly, lengthening out the arc which will be formed until 
it breaks. 

A simple means for getting a compound-wound machine to pick up is 
to short-circuit it through a fuse having approximately the current 
capacity of the generator (see Fig, 34). If sufficient current to melt this 
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fuse is not generated, it is evident that there is something wrong with 
the armature, either a short circuit or an open circuit. If, however, the 
fuse has blown, make one more attempt to get the machine to excite 
itself. If it does not pick up, it is evident that something is wrong with 
the shunt winding or connections. 

If a new machine refuses to excite and the connections seem to be all 
right, reverse the connections of the shunt field, i.e. } connect the wire 
which leads from the positive brush to the negative brush and the wire 
which leads from the negative brush to the positive brush. If this 
change of connections does no good, change back and locate the fault as 
previously suggested. 

49. The proper connections for a shunt motor are as shown in Fig. 35. 
The field B is connected as shown, so that when the switch D is closed it 
becomes excited before the armature circuit through the switch E is 
closed. Thus when the motor armature has current admitted to it 



Fig. 35.—Control apparatus connections for a shunt motor. 


through switch E and starting resistance box A, the field is already on, 
and the full torque of the motor is obtained. The torque of a motor is 
equal to the product of a constant, the flux per pole, the ampere turns on 
the armature, and the number of poles. Hence, if the full field is not 
on the motor at starting, full torque will not be obtained. 

60. If a motor will not start when the starting box is operated and when 
current is flowing in the armature, an investigation should be made to 
see if the field flux is on, which can be done by holding a piece of iron, such 
as a key, against the pole piece. If the flux exists, the key will be drawn 
strongly against the pole piece; if there is no flux there will be practically 
no attraction. 

61. Reversed Field-spool Connection. —There may be cases where 
the manufacturer has shipped a motor with one or more field spools 
reversed. If such is the case, no torque, or, perhaps, very weak torque, 
will be noticed. Under such conditions a trial with an iron key will show 
proper field magnetism, yet the weakness or total absence of torque will 
be present, and a trial of polarity should be made. 

62. Running in the Wrong Direction. —Sometimes a motor when set 
up and started will run in the wrong direction. The only change neces¬ 
sary is to reverse the field connection. Thus Fig. 36, I, shows the con¬ 
nection for one direction of rotation and Fig. 36, II, that for the other. 
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Note that in Fig. 36, I, the brushes are shifted backward against the 
direction of rotation. For the opposite rotation, a backward lead, as 
shown in Fig. 36, II, must be chosen. 



I- Right hand or 1“ Left hand or 

clockwise counter-clockwise 

rotation rotation 


Fi«. 36. Connections for shunt-wound motors. 


53. Testing Polarity of Field.—This can be done in two ways: First, 
by using a compass, bringing it near the various poles and noting the 
direction of the deflection of the needle. Since in all motors the poles 
alternate in magnetic polarity, in one pole the magnetism coming out 
and in the next going in, it follows that a certain end of a compass needle 
will point toward one pole and away from the next when conditions are 
normal. If, however, two adjacent poles show similar magnetism, the 
trouble is located, and the offending spool should be reversed. This 
should be done “end for end,” not by turning on the axis. The latter 
operation does not change the direction 
of magnetism, while the former does. ^ v 

Direction of magnetism is determined face , \ 1 yDirection 

by the following rule: J y of Current 

“Looking at the face of an electro- -iL*— 

magnet (such as the field spool of a > f 
motor), a pole will be north if the cur- Lines of Force 

rent is flowing around it in a direction ^ IG * 37 •—-Direction of mag- 

° notiarn and mirratit ahnnt n 


) Direction 
' of Current 


motor), a pole will be north if the cur- Lines of Force 

rent is flowing around it in a direction ^ IG * 37 ‘T~ I * )ircctio / 1 °/ “ a ®" 

opposite to the motion of the hands of a po j e 

watch,” (Fig. 37) and south if in the 

same direction as the motion of the hands of a watch (see also the rules 
outlined in Div. 1). 

Another method of determining whether the magnetism of the poles 
is correct is to use two ordinary nails, their lengths depending upon the 
distance between pole tips. The point of one nail should touch one pole 
tip, the point of the other nail the other pole tip, and the heads of the nails 
should touch each other. 

When the current flows around the field spools, the polarity between 
any two poles is properly related if the nails placed as suggested stick 
together by the magnetism. If there is no tendency to stick, the polarity 
of the two poles is alike and therefore wrong. 



608 


AMERICAN ELECTRICIANS ' HANDBOOK [Div. 6 


04. Open Field Circuit. —If, on closing the field switch, no magnetism 
is obtained by trial with an iron key, as suggested above, there is an 
open circuit within one of the spools or in the wires leading to these 
spools. The open circuit can be located by shunting out one spool at a 
time and allowing current to flow through the rest until the defective 
spool is discovered. On a two-pole motor try first one spool and then 
the other. For a very short time, say, 10 min., double voltage can be 
carried on a spool. On a motor having four or more poles, three spools 
can always be left in circuit during the open-circuit investigations. 

55. A method of locating an open-circuited field coil is illustrated 
in Fig. 38. Connect one terminal of the 
voltmeter to one side of the field-coil 
circuit and, with the bared end of a 
wire or a contactor, successively touch 
the junctions of the field-coil leads around 
the frame. When the open coil is bridged 
the voltmeter will show a full deflection. 
Another way follows: Connect the field-coil 
circuit terminals to a source of voltage. 
Connect the voltmeter successively across 
each coil as indicated by the dotted lines 
in Fig. 38. There will be no deflection on 
the voltmeter until the open coil is bridged, when the full voltage of the 
circuit will be indicated. 

66. A grounded field coil can be located (Fig. 39) by connecting a 
source of voltage to the machine terminals, having first raised the brushes 
from the commutator, if it is a d-c machine. Connect one terminal of 
the voltmeter to the frame and the other 
to a lead with a bared end. Tap exposed 
parts of the field circuit with the bared 
end of the lead. The voltmeter deflection 
will be least near the grounded coil. 

57. Heating of Field Coils (Westing- 
house Instruction Book).—Heating of 
field coils may develop from any of the 
following causes: (1) too low speed; (2) 
too high voltage; (3) too great forward 
or backward lead of brushes; (4) par¬ 
tial short circuit of one coil; and (5) 
overload. 

58. Direct-current armatures can be tested for the common troubles 

with the arrangement of Fig. 40. Terminals b and c are clamped to the 
commutator at points displaced 180 electrical degrees from each other 
and connected with a source of steady current through an adjustable 
resistance and an ammeter. For a two-pole machine the terminals b 



Fig. 39.—Locating grounded 
coil. 



Fig. 38.—Locating field-coil 
troubles. 
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and c will be located at opposite sides of the commutator. The terminals 
of a low-reading voltmeter (a galvanometer can often be used) are con¬ 
nected to two bare metal points, which are separated, by a distance equal 
to the width of one commutator segment plus the width of one mica strip, 
by an insulating block j. In use, the current is adjusted to produce a 
convenient deflection of the voltmeter when each of the points rests on an 
adjacent bar. The points are moved around the commutator and bridged 
across the insulation between every two bars. If the voltmeter deflection 
is the same for every pair of bars it indicates that there is no trouble in 
the armature. 

69. Sparking Due to Open Armature 
Circuit. —A cause of a sparking com¬ 
mutator is an open circuit in the wind¬ 
ing, either in the armature body or, 
more often, where the lead from the 
armature winding is soldered to the 
commutator. In the latter case re¬ 
soldering is a ready remedy. If, how¬ 
ever, the location of the point of open 
circuit cannot be found, the bars can 
be bridged over on the commutator 
itself by fastening with solder, or 
otherwise, a strip of copper around the segments which indicate the break. 

The indication of this trouble is very apparent, for, if an open circuit 
exists, the long heavy spark which accompanies it soon eats away the 
mica between the two segments which are on each side of the break. 
This shows positively where to bridge over. An open circuit also shows 
itself, when the machine is running, by the viciousness of the spark. It is 
unlike any other kind of commutator sparking, being heavy, long, and 
destructive in its action. 

60. A poor connection between a bar and coil leads will cause a con¬ 
siderable deflection of the voltmeter (Fig. 40) when one of the points 
rests on the bar in trouble and the other rests on either of the adjacent 
bars. 

61. An open-circuited coil, as h , Fig. 40, will prevent the flow of current 
through its half of the armature. There will be no deflection on that 
half of the armature until the “open” is bridged. Then the voltage 
of the testing circuit will be indicated. 

62. Tests for Open Armature Circuits. —Another method (Fig. 41) 
is to apply to the commutator, at two opposite points, a low voltage, say 
from a battery or a dynamo with its voltage kept low. Place an ammeter 
in circuit and clean the surface of the commutator so that it is bright and 
smooth. 

The terminal ends leading the current into and out of the commutator 
should be small, so that each rests only on a single segment (Fig. 41). 


Lo#-Recfcm& Voltm eter-, 



‘•Commutator 


lb Source of steady current-' 


Fig 40.—Method of testing an 
armature. 
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Note the ammeter reading and rotate the armature slowly. At the point 
where the open circuit exists the ammeter needle will go to zero if the 
leads to the commutator bar have become entirely open-circuited. This 
is because the segment is attached to the winding through the commutator 
leads. 

If the armature does not show the above symptoms, try connecting 
a low-reading voltmeter or a galvanometer to two adjacent segments 
while the current is passing through the armature as described from some 
external low-voltage source (Fig. 42). Note the deflection. Pass from 
segment to segment m this manner, recording the drop between the 
successive pairs of bars. This drop, if the current is held constant from 
the external source, should be the same between each pair of adjacent 
segments. If any pair shows a higher drop than the others near it, a 



Fig. 41.—Testing for arma- Fig. 42.—Testing for arma¬ 

ture open-circuit with an am- ture open-circuit with a volt¬ 
meter. meter. 


higher resistance connection exists there, perhaps causing sparking and 
biting of commutator insulation, to a less degree, to be sure, than with an 
actual open circuit, but enough, perhaps, to cause the trouble requiring 
the investigation. 

63. The test for armature short circuits may be made as indicated 
in Fig. 42. It is called a bar-to-bar test. It is most valuable in locating 
faults in armatures. It is the method to use if a short circuit from one 
segment to another is suspected. When the section in which the short 
circuit, or partial short circuit, exists comes under the contacts, a low or 
perhaps no deflection is shown on the galvanometer or voltmeter, thus 
locating the defective place. Such short circuits, if they occur when 
running, owing to detective insulation, burn out the coil short-circuited. 
When the coil passes through the active field in front of the pole piece, an 
immense current is induced in it, causing a destruction of the insulation. 
When this occurs the coil should be open-circuited and bridged over, as 
suggested in a preceding paragraph, until a new coil can be inserted. 

64. If two bars or a coil is short-circuited as at / or g, Fig. 40, respec¬ 
tively, there will be little or no voltmeter deflection when the two bars 
connecting to the “short circuit” are bridged by the points. 

66. A grounded armature coil can be detected in the same manner 
as indicated in Fig. 39 for a field coil. Impress a low voltage on the 





Div. 6] 


GENERATORS AND MOTORS 


611 


terminals clamped to the commutator. Ground one side of the voltmeter 
on the shaft or spider and touch a lead connected to the other side to all 
the bars m succession. The minimum deflection will obtain when the 
bars connecting to the grounded coil are touched. 

66. Crossed coil leads as at a (Fig 40) are indicated by a twice nonnal 
deflection when the points bridge the bars 6 and 7 to which the crossed 
coils should rightly connect The crossing of the coil leads connects two 
coils in senes between the adjacent commutator segments and, hence, 
causes twice normal drop 

67. Reversed Armature Coil.—Instead of the armature winding 
progressing uniformly around from bar to bar of the commutator, there 
may at some point be a coil connected in backward. Such a reversed 
coil often causes bad sparking One way to locate such a trouble is to 
pass a current through the armature, at opposite points on the com¬ 
mutator Then with a compass explore around the armature the direc¬ 
tion of magnetism from slot to slot. If a coil is reversed when the 
compass comes before it, the needle will reverse, giving a very definite 
indication of the improperly connected coil. 

68. Heating of Armature (Westmghouse Instruction Book) —Exces¬ 
sive heating of the armature may develop from any of the following 
causes* (1) too great a load, (2) a partial short circuit of two coils heating 
the two particular coils affected, and (3) short circuits or grounds on 
armature or commutator 

69. Hot Armature Coils.—Sometimes when a new machine is started, 
local heating occurs in the armature, following the exact shape of the 
armature coil This may be because, in receiving its final turning off, the 
commutator bars were bridged with copper from one segment to another 
by the action ol the turning tool An examination of the commutator 
surface will reveal this bridging. When it is removed, satisfactory 
operation will ensue if the trouble has not gone too far and seriously 
injured the insulation of the coil 

70. Care of Commutators.—They should be kept smooth bv the occa¬ 
sional use of No 00 sandpaper A small quantity of vaseline should be 
used as a lubricant. The lubricant should be applied to high-voltage 
generators by aid of a piece of cloth attached to the end of a dry stick 
If the commutator gets “out of true” it should be turned down (refer to 
Sec 77). Inspect the commutator surface carefully to see that the cop¬ 
per has not been burned over from segment to segment m the mica and 
remove by a scraper any particles of copper which may be found 
embedded in the mica Keep oil away from the mica end rings of the 
commutator, as oily mica will soon burn out and ground the machine. 

71. Process of Commutation and Correction of Glowing and Pitting.— 
The path of the current is as shown in Fig. 43. A is the carbon brush; 
C, C", C" are the commutator segments, B> B" are the windings of the 
armature. At the position shown, coil B is short-circuited by the carbon, 
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the current passing into the face of the brush and out again as shown by 
the dotted line. This local current may be many times larger than the 
normal flow of current and is the one that causes pitting. 

With perfect commutation, with no sparking or glowing, there should 
be created in the short-circuited coil under the brush, by means of the 
flux from that pole tip away from which the armature is revolving, an 
e.m.f. This should be just large enough to reverse the current within the 
short-circuited coil and to render it equal to the current in the winding 
proper. Since on one side of the brush the current is in one direction 
and on the other side in the other direction, the act of commutation 
beneath the brush is to reverse this current and bring it up to the correct 
amount in the opposite direction. 

With copper brushes this reversal of current must be very accurately 
effected. With carbon brushes there is a 
much smaller tendency to spark, hence they 
will stand a certain inexactness of commuta¬ 
tion adjustment. Experiments indicate 
that the carbon can resist as much as 3 volts 
creating current in the wrong direction and 
still not spark or glow. This is the property 
that has caused the use of carbon brushes 
instead of copper on most apparatus. 
When, however, this potential, induced in 
the wrong direction, rises above 3 volts during the passage of the armature 
coil underneath the brush, trouble from sparking and glowing occurs. 

This is the reason that, in a motor, the brushes are pulled backward 
as far as possible at no load, so that the coil short-circuited by the brush 
may enter the fringe or flux from the pole tip, thus creating the proper 
reversal of current during the time the coil is passing under the brush. 
Since adjacent poles are opposite in polarity, only one can provide the 
proper flux direction for this reversal. In a motor it is always the pole 
behind the brush, and thus the brush requires a backward lead. In a 
generator it is the pole ahead of the brush in the direction of rotation. 
Hence generators require a forward lead. 

If the motor gives trouble from glowing and pitting, the cause is 
probably this induced current, and the remedy is, first, to see that the 
lead of the brushes brings them in the most satisfactory position. If no 
change of lead or brush position can be found which will eliminate the 
trouble, the width of the brush must be changed. The wider the brush, 
the longer the coil suffers short circuit, as described. Conversely, the 
narrower the brush, the sooner the current must be reversed. There is, 
therefore, a width of brush which best satisfies both conditions. 

Usually, however, where glowing occurs, the cause is too wide a brush, 
and often serious trouble from this cause can be entirely eliminated 
by varying the width of the brush perhaps only )4 in. 


f Carbon Brush 



Fig. 43.—Armature coil 
short-circuited when com¬ 
mutating. 
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72. Sparking Due to Rough Commutator. —First, the commutator 
surface may not be perfectly smooth after receiving its last turn off. The 
work may have been poorly done by the manufacturer, with the result 
that the commutator surface, instead of being left smooth, is somewhat 
rough. The result of this, especially with high-speed commutators, is 
that the brush does not make first-class contact with the commutator 
surface. It may chatter with attending noise, and thus with many 
motors (especially those of high voltage) the operation will be attended 
with sparking. As a result, the commutator surface, instead of becoming 
bright and smooth with time, becomes rough and dull or raw in appear¬ 
ance. Under these conditions the brushes do not make good contact, 
and, hence, the heat generated even under proper commutator conditions, 
owing to the resistance of brush contact, is multiplied several times, with 
consequent increase of temperature of the commutator. In addition, 
the friction of brush contact (which should give a coefficient of 0.2) is, 
with a rough commutator, much higher than it should be, which tends 
to increase the temperature. 

73. Heating of commutator (Westinghouse Instruction Book) may 
develop from any of the following causes: (1) overload, (2) sparking at 
the brushes, (3) too high brush pressure, and (4) lack of lubrication on 
commutator. 

74. Hot Commutator. —All this trouble (Sec. 72) is cumulative. The 
result is that finally the temperature will rise to a point where the solder 
in the commutator will melt, perhaps short-circuiting or open-circuiting 
the winding. A commutator will stand very slight sparking, but where it 
is noticeable and where it is continued for long periods of time, trouble 
is apt to result. Where the load is usually very light on a motor, and 
where full load or overload are infrequent, a smoothing of the commutator 
occurs during the light-load period, which averts trouble. This is the 
reason that certain railway motors, which sometimes show sparking under 
their normal hour-rating load, give satisfaction as to commutation. The 


coasting of the car 
smooths up the imper¬ 
ceptible damage done 
by the sparking during 
the heavy load. 

76. Loose Com¬ 
mutator Segments. —A 
further and more 
serious cause of spark¬ 
ing and commutator 



Fig. 44. —Section of d-c motor armature. 


trouble is due to the fact that the commutator may not be “settled” 


when shipped by the manufacturer. A commutator is made of mapy 
parts (Fig. 44), insulated one from another, and ail bound together by 
mechanical clamping arrangements. The segments themselves are held 
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by a clamp ring on each end, which must be insulated from them and 
should hold each segment individually from any movement relative to 
another. 

Since the clamp must touch and hold down all segments, a failure to 
do so in any case results in a loose bar, which moves relatively to the next 
bar and causes roughness and thus sparking, with all its attendant 
accumulative troubles. The roughness of commutators due to poor 
turning or to poor design is shown uniformly over all the surface of the 
commutator on which brushes rest. A roughness due to a high or loose 
bar is shown by local trouble near the bad bar and its corresponding bars 
around the commutator. The jump of the brush occurs at the high bar 
and is the cause of the sparking (see also Secs. 77 and 78). 

76. Blackening of the Commutator.—Sparking due to a loose or high 
bar causes a local blackening instead of a uniform blackening, which 
occurs in case of poor design or poor commutator surface resulting from 
poor turning. Also, if the speed of the commutator is low enough, there 
will be a spark at the time the bad segment passes the brush. At ordi¬ 
nary speeds, or where there are several loose bars, the sparking in appear¬ 
ance will not be different from that due to poor design or poor turning. 
In such a case an examination of the commutator surface must be made 
to identify the cause. 

It must be remembered that the slightest movement of a bar, especially 
with the higher voltage and high-commutator-speed machines, may cause 
the trouble. A splendidly designed motor may show very poor operation, 
owing to a commutator fault. 

77. Grinding Commutators (Westinghouse Electric and Manufacturing 
Co.).—Resurfacing of a commutator should always be done with a 
grinding rig, whether it is to be ground concentric or in order to remove 
high bars or flat spots. A hand stone should never be used on a com¬ 
mutator to obtain a true surface, because it simply follows the irregulari¬ 
ties in the surface and in some cases may even exaggerate them. The 
grinding rig consists of an abrasive stone set up similarly to a lathe tool 
in a rigging or carriage which may be moved back and forth in an axial 
direction and may be equipped with a radial feed. It should be sup¬ 
ported very rigidly so that the stone is subjected to a very minimum of 
vibration. In large d-c equipment, such a rigging can be rqounted on a 
brush arm by removing the brush holders on that arm. In some cases, 
it may even be desirable to brace the brush-holder bracket arm, while 
grinding, to obtain maximum rigidity. It is also possible by removing 
the brush rigging to support the grinder on parallels supported from the 
bedplate. 

Grinding should be done when the machine is running in it own bear¬ 
ings and at rated speed in the case of a constant-speed machine. If 
grinding is done at low speed, any slight unbalance will cause the com¬ 
mutator to run eccentric at rated speed. 
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Great care must be exercised to prevent copper and stone dust from 
entering the windings. The grinding rig should be equipped with a 
vacuum-cleaner arrangement, fitted over the stone to catch all dust. If 
a suction system is not available, the necks of the commutator and the 
front end windings should be protected by pasting heavy paper over 
them or by covering with a cloth hood properly applied. 

A simple, effective and inexpensive device for collecting dust during 
the grinding of commutators and collectors is illustrated in Fig. 45, 
and can be made from three small pieces of equipment, namely, (1) a 
4-ft. length of lH-in. rubber hose, (2) a vacuum bag from a household 
vacuum cleaner, and (3) a small ejector which may either be purchased 
or improvised from a 13^-in. Y pipe fitting. 

At one end of the rubber hose cut away, in the 
form of a long arc, the bottom and about half of 
the sidewalls to fit the radius of the commutator 
or ring to be ground. Cut a hole in the hose in 
the middle of the remaining arc portion to fit the 
grinding stone. Fit the hose to the stone and 
commutator or ring so as to form an enclosure 
or “shoe” around the grinding surface to collect 
the dust. Attach the other end of the hose to 
the intake of the ejector. Attach the vacuum 
bag to the exhaust of the ejector. Use com¬ 
pressed air from a shop air line to produce the 
suction. 

The stones used in grinding commutators might be classed as rough, 
medium, and fine. The rough stone has a grit of about 80 mesh and is 
used only where a very large amount of copper is to be removed. It 
should be used very seldom, because, if sufficient copper is to be removed 
to warrant its use, it would be better to take a cut off the surface in a 
lathe. The medium stone has a grit of about 120 mesh and is used for the 
bulk of the grinding work, the fine stone being used only to obtain a fine 
finish. The fine stone should have a grit of about 200 mesh. 

After grinding, all commutator slots should be cleaned out thoroughly 
and the edges of the bars beveled. This beveling accomplishes two 
things; it removes the burrs caused by the stone dragging copper over the 
slots, and eliminates the sharp edge at the entering side of the bar under 
a brush. The bevel on the bars is done with a special beveling tool and 
should be about J 32 in. chamfer at 45 deg., for medium thickness of bars. 
For thinner or wider bars, the beveling can be changed accordingly. 

Practically all up-to-date machines have undercut mica. This under¬ 
cutting should be kept He in. deep ± H 4 in. If it is apparent that 
enough copper is going to be removed by grinding so that the undercut¬ 
ting will be shallow, the commutator should be reundercut before grind¬ 
ing. This is done by means of a small circular high-speed saw about 



Fig. 45.—Method of 
commutator grinding 
showing dust collector. 
(W estinghouse Electric 
& Manufacturing Co.) 
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0.003 in. thicker than the nominal thickness of the mica. In under¬ 
cutting, great care must be taken to see that a thin sliver of mica is not 
left against one side of the slot. Sometimes this sliver must be removed 
by scraping by hand. 

After grinding, undercutting the mica, and beveling the edges of the 
bars, the commutator surface should be polished, while operating at rated 
speed. Aloxite or sandpaper should first be used (never emery cloth or 
paper) as this will remove the burrs due to beveling. After a very fine 
grade of sandpaper is used, a high polish can be obtained by burnishing 
the commutator with dense felt or canvas. A further improvement of 
the surface can even be secured if a small amount of light oil is applied 
to the canvas during the polishing. 

78. Loose Commutator Clamp Rings.—First, draw the clamps of the 
commutator down firm, so that when the commutator is at normal tem¬ 
perature the clamping rings cannot be screwed down further without 
excessive effort. This is necessary so that all the bars may have a direct 
pressure from the clamp, rendering impossible any movement up or down. 
Second, after having drawn the clamps down, smooth off the surface of 
the commutator. 

To get the clamps down firm, run the motor; if roughness appears, 
shut down at a convenient time, and, while hot, tighten the clamping 
rings. If it is found that the tightening bolts can be screwed up some¬ 
what, the machine should again be put in service for at least 4 hr. At 
the end of this time shut it down again and make another trial on the 
tightening bolts. Now, if no more can be taken up on the tightening 
bolts, the commutator should be surfaced, either by turning with a tool 
or by grinding. If the clamps are down tight and the surface of the com¬ 
mutator has been properly smoothed, there will be no further trouble. 

79. The Slotting of Commutators (Alan Bennett, American Machinist , 
Sept. 26, 1912).—There seems to be a prevalent idea that slotting should 
cure all commutator troubles, irrespective of their causes. This is not 
true, but slotting is a cure for certain specific troubles. Where the 
peripheral speed of the commutator is so slow that the dirt which may 
collect in the slots between commutator bars will not be thrown out by 
centrifugal force, slotting may aggravate rather than correct commutation 
difficulties (see Sec. 84). 

80. The principal reason for slotting commutators is to relieve the 
commutators of high mica, i.e ., mica that projects above the surface. 
High mica is generally due to one of two causes: either the mica is too 
hard and does not wear down at an equal rate with the copper, or the 
commutator does not hold the mica securely between the segments, allow¬ 
ing it to work out by the combined action of centrifugal force and the 
heating and cooling of the commutator. 

It is evident that a commutator with a surface made irregular by 
projecting mica rotating at high speed under a brush must impart to the 
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brush a vibratory action and thus impair the close contact that should 
exist between the brush and commutator. The result is that sparking 
takes place more or less violently, depending on the condition of the 
commutator surface and the rate of speed. 

This condition generally manifests itself after the machine has been 
running for some time, and in many cases will account for the develop¬ 
ment of sparking which did not occur at the time of installation. Often 
a case of this kind is aggravated by increasing the brush tension, causing 
a still faster rate of wear of copper over mica, with an attendant increased 
heating of the commutator. 

81. What Is Accomplished by Slotting.—A harder brush may at times 
be used, with the idea of grinding off the mica and thus bringing it down 
to the commutator surface. Instead of curing the trouble, the commuta¬ 
tor will, in the majority of cases, assume the raw appearance of being 
freshly sandpapered, instead of the glossy surface it should have, and 
both brush and commutator will wear rapidly. 

This condition can be restored to normal and the commutator kept to 
a true surface by slotting, after which, with proper care and the use of 
proper brushes, commutator troubles will generally cease, provided the 
electrical design of the machine is not at fault. Even then there are 
cases that may be benefited to a certain extent by slotting, by reason of 
the good brush contact obtained. The majority of cases that show 
improvement are the ones in which the trouble is not inherent in the 
design of the machine but is due to mechanical causes. 

With a slotted commutator it is possible to use a brush of fine grain 
and soft texture, inasmuch as there is not the same tendency to wear away 
the brush as with an unslotted commutator. The commutator will then 
take on the much-desired polish that is generally not possible with the 
harder brush. The life of both brush and commutator will be increased, 
and friction and the consequent heating will be reduced. These 
advantages will effect a saving that will more than offset the cost of 
slotting. 

82. Various Methods of Slotting.—There is a variety of slotting devices 
on the market. Some are designed to operate with the armature swung 
between the centers of a lathe; others use a special tool in a shaper, with 
the armature secured to its bed. Still others are used by hand with the 
armature resting on blocks. In all cases the full width of the mica should 
be removed, and the resulting slot carefully cleaned from burrs and rough 
edges. It is not necessary that the slotting be carried deeply in the 
commutator. One-sixteenth inch is generally considered sufficient 
(See also Sec. 84). 

83. A slotted commutator should have proper and frequent care, as 
there is a chance of small particles of copper being dragged across from 
bar to bar, and for dirt, oil, and carbon dust to accumulate in the slots and 
short-oircuit the commutator. 
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84. High Mica in Commutators.— Some motors, under certain condi¬ 
tions, roughen up their commutators after a short term of service, 
although there seems to be no excessive sparking under or at the edges 
of the brushes. This may occur even though the commutator has been 
well “settled.” The commutator acts as if the mica used between bars 
to insulate the various segments, one from another, had protruded 
upward, causing roughness and excessive sparking. 

Actual raising of the mica is a very rare occurrence, and, if it occurs, 
does so at certain spots and is easily and positively identified. An actual 
uniform protruding of mica, all over a commutator, as described, is 
practically an unknown phenomenon. What actually does occur is an 
eating away of the copper surface of the commutator, leaving the high 
mica between the bars. A good machine will not spark enough to cause 
this condition. A poor machine will. 

The phenomenon is easily identified, as the commutator surface looks 
raw all over instead of smooth and bright with a good brown gloss. If 
allowed to continue, a general roughness appears, accompanied by spark¬ 
ing, until finally the sparking and heating will increase so much that the 
machine may flash over from brush to brush, blowing the fuses or opening 
the circuit breakers. The trouble is aggravated if the motor operates 
continuously under heavy load. If there are periods of light load, the 
commutator has an opportunity to be smoothed down by the brushes. 
This condition is appreciated by railway motor designers. A railway 
motor coasts a considerable portion of the time. Thus the commutator 
is smoothed, neutralizing the roughening occurring under load. 

86. To Remedy a Roughened, High-mica Commutator.—(1) Use it on 
work where the load is somewhat intermittent; (2) replace it altogether; 
or (3) slot the commutator. Then, as there are no longer two different 
materials to wear down or to be worn away by sparking, an unequal 
surface will not result. The mica need be cut down only ^-in., and a 
narrow, sharp chisel will do the work satisfactorily. No trouble will 
result from short-circuiting in this case, since centrifugal force keeps 
the slots clean. Some manufacturers ship machines with slotted 
commutators. 

86. Brush Troubles. —When there is an excessive drop in speed from 
no load to full load, the position of the brushes on the commutator should 
(Sec. 46) first be investigated. No brush position that causes sparking 
should be chosen. The following sections outline brush troubles and 
their remedies. 

87. Sparking of the brushes may be due to one of the following causes 
Westinghouse Instruction Book; see also Dynamo-defects Table: (1) 
The machine may be overloaded. (2) The brushes may not be set exactly 
at the point of commutation—a position can always be found where there 
is no perceptible sparking, and at this point the brushes should be set and 
secured. (3) The brushes may be wedged in the holders. (4) The 
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brushes may not be fitted to the circumference of the commutator. 

(5) The brushes may not bear on the commutator with sufficient pressure. 

(6) The brushes may be burned on the ends. (7) The commutator may 
be rough; if so, it should be smoothed off. (8) A commutator bar may 
be loose or may project above the others. (9) The commutator may be 
dirty, oily or worn out. (10) The carbon in the brushes may be unsuit¬ 
able. (11) The brushes may not be equally spaced around the periphery 
of the commutator. (12) Some brushes may have extra pressure and may 
be taking more than their share of the current. (13) Mica may be high. 
(14) The brushes may be vibrating. (15) Brush toes may not be in line. 

These are the more common causes, but sparking may be due to an 
open circuit or loose connection in the armature. This trouble is indi¬ 
cated by a bright spark which appears to pass completely around the 
commutator and may be recognized by the scarring of the commutator 
at the point of open circuit. If a lead from the armature winding to the 
commutator becomes loose or broken it will draw a bright spark as the 
break passes the brush position. This trouble can be readily located, as 
the insulation on each side of the disconnected bar will be more or less 
pitted. The commutator should run smoothly and true, with a dark, 
glossy surface. 

88 . Glowing and Pitting of Carbon Brushes.—This may be due to 
either of two causes: poor design or a wrong position of the brushes on 
the commutator. The error of design may be only in the choice of 
width of carbon brush used. The pitting is due to glowing. If the glow¬ 
ing is at the edge of the carbon it is plainly visible and easily located. It 
may, however, occur underneath the carbon so that only with difficulty 
can it be seen. Such glowing pits the carbon face by heat disintegration. 
With some machines three-fourths of the brush face may be eaten away 
and the pits may be, perhaps, to }>£ in. deep when discovered. A 
usual (incorrect) decision is that the current per square inch of contact 
is too great, the calculation being made by dividing the line amperes by 
the square-inch cross section of either the positive or the negative brushes . If 
this calculation gives a value under 45 or 50, it is certain that the cause 
of the trouble has not been judged correctly. 

The real cause of the glowing is, to be sure, excessive current through 
the carbon, but this is not the line current if the calculation, as stated, 
shows a brush-face density below 50 amp. per sq. in. It is a local current 
caused by the short-circuiting of two or more segments of the commutator 
by the brush resting upon them. The usual overlap of a carbon brush is 
about two segments, and, while these two segments are under the brush, 
the armature coils connected to them are short-circuited. If the design 
of the machine is such that the coil so short-circuited encloses stray flux 
from the pole tip, this flux will create in the short-circuited coil a current, 
perhaps many times larger than the brush is capable of carrying, with the 
result that the glowing and pitting occurs. 
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89. Chattering of brushes is sometimes experienced on d-c machines. 
Chattering under certain conditions may become so prominent as not 
only to be of annoyance, but also actually to break the carbons. An 
examination of the commutator will reveal no roughness, the surface 
being, perhaps, perfectly smooth and bright. This trouble occurs 
principally with the type of brush holder which has a box guide for the 
carbon. The spring which forces the brush into contact rests on top of 
the carbon, which has fairly free play in the box guide. Chattering 
usually occurs with high-speed commutators, running at 4,000 to 5,000 
ft. per min. peripheral speed. 

Such brush holders are necessary on commutators which, like those 
on engine-driven machines, may run out of true on account of the shaft 
play in the bearings caused by the reciprocating motion of the engine. 
The clamped type of holder is usually free from bad chattering but 



Fig. 40.—Methods of setting brushes. 

rocks on a commutator that runs out, causing poor contact and perhaps 
sparking. 

Lubricating the commutator causes the chattering to disappear immedi¬ 
ately, but there is no commutator compound which gives a lubricating 
effect lasting over possibly hr. Thus it is not practical to lubricate 
often enough to prevent the chattering. There will be no chattering 
if the angle of the brush with the radial line, passing through the center 
of the carbon and the center of the commutator, is less than 10 deg. and 
if the carbon trails on the commutator instead of leads. Figure 46, I, 
shows the setting which will stop all serious chattering, and Fig. 46, II 
and III, shows settings which may give trouble. 

90. Low Speed. —The fault may be in the winding of the armature 
or field, in which case a remedy is difficult. Considerable range of speed 
can be obtained by the choice of brush position on the commutator. For 
many motors a speed variation of 15 per cent may be obtained, without 
sparking, by brush shift. Therefore, if the discrepancy of speed is within 
this amount, the brushes should be moved to counteract it. A backward 
shift of brush gives increased speed and a forward shift decreased speed. 
At any brush position, however, there must be practically no sparking. 





Div. 5] 


GENERATORS AND MOTORS 


m 


A first-class motor should run at full load within 4 per cent (up or down) 
of the name-plate speed if the voltage is as specified on the name plate. 
The speed at no load should not be more than 5 per cent higher than this; 
also the speed at full load, hot, should not be over 5 per cent greater than 
the speed at full load, cold. 

91. Bearing Troubles of D-c Motors and Generators. —See Troubles 
of A-c Motors and Generators. 

92. Sporadic motor sparking has been known to occur on account 
of irregular short circuits on the line which were caused by the wind 
blowing the line wires together. 

PRINCIPLES, CHARACTERISTICS, AND MANAGEMENT OP 
A-C GENERATORS 

93. Types of A-c Generators. —The different types of a-c generator* 
(alternators), classified according to the method of producing the voltage- 
are listed below: 

1. Synchronous alternators. 

a. Revolving field. 

b. Revolving armature. 

2. Induction alternators. 

a. Stator winding is source of voltage. 

b. Rotor winding is source of voltage. 

3. Inductor alternators. 

94. Synchronous a-c generators are discussed in an elementary way 
in Secs. 47, 108, 142, 146, and 149 of Div. 1. These generators may be 
constructed either with the armature or the field structure as the revolv¬ 
ing member. Small generators up to 50 kw. are commonly made with 
the revolving-armature construction. Practically all other synchronous 
alternators employ the revolving-field construction. The required 
magnetic field is produced by d-c electromagnets, which are excited by a 
small d-c generator or exciter. The fundamental construction and 
connections for a revolving-field alternator are shown in Fig. 47. 

95. The e.m.f. in a synchronous alternator is generated as suggested 
in Fig. 48. As each field coil, D for instance, sweeps past the armature 
coils the lines of force from the field coil cut the armature coils. As coil 
D passes from A to C an alternating e.m.f. represented by the curve ABC 
will be generated in the armature. It should be understood that in 
commercial alternators the armature coils are set in slots and differently 
arranged than in Fig. 48, which only illustrates a principle. 

The value of the voltage generated by a giVen synchronous alternator 
depends upon the speed and d-c field current. Since the speed must be 
held constant in order to maintain the proper frequency, the voltage 
must be controlled by adjustment of the field current. 
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96. The speed and number of poles of an alternator determine 

the 

frequency which it generates. 



pX r.p.m.. m 

3 120 ’ V r.p.m.’ 

120/ 

or r.p.m. -- 

p 

0) 

where / = frequency in cycles per second. 

r p.m. = revolutions 
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rheostat 

rheostat 




Generator Exciter 

Fig. 47.—Elemental y diagram of a-r generatot and exciter. 



Fia. 48.—Armature and field structuie developed. 


minute of rotor; and p = the number of field poles. 

Example .—What is the frequency of a two-pole alternator running at 3,600 r.p.m.? 
Solution .—Substitute in the formula 


, p X r.p.m. 2 X 3,600 7,200 

3 * 120 ~ 120 " 120 


60 cycles per sec. 


Exampie .—How many poles has a 25-cycle alternator running at 500 r.p.m.? 
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Solution. —Substitute in the formula 

« 12 °/ « 120 X 25 ^ 3,000 
P ** r.p.m. * 500 ** 500 


6 poles 


97. Synchronous Speeds—A-c Generators and Motors 

Application to Generators .—The table shows the speeds at which the rotor of an 
alternator whieh has a given number of field poles must turn to generate voltage at 
given frequencies. * 

Application to Motors .—The table indicates the synchronous speed of the rotary mag¬ 
netic field of an induction motor having a given number of poles and taking current at a 
given frequency. 

The table also shows the speeds of synchronous motors having a given number of 
field poles and taking currents at given frequencies. 



98. Single-phase Alternators. —The circumferential distance from 
the center line of one pole to the center line of the next pole of the same 
polarity constitutes 360 electrical degrees. See Fig. 48 which shows how 
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a single-phase e.m.f. is generated. Figure 47 is a diagrammatic illustra¬ 
tion of a single-phase alternator, and Fig. 49 shows, diagrammatically, 

two different kinds of single- 
jjrfZZTZffTT/gfr. ph ase windings. Single-phase 

a ^ ernators are seldom made 

furnish three-phase machines 

U Am* _ij ^ instead and give them a single- 

fe.a.„rNi phase rating equal to about 70 

•a a* a- i x x . ,. per cent of the three-phase 

Fio. 49.—Single-phase armature windings. ,. . . . , . 

rating, lhe single-phase load 

is carried on two of the three leads of the three-phase generator (see Three- 
phase Alternator). 

99. Two-phase Alternator.—In a generator of the type indicated in 
- 360 • stationary ^8- 50, the centers of the two component 
’* ArrTKlture coils I and II are situated 90 electrical 
X x degrees apart, and the single-phase e.m.fs. 

generated in coils I and II by the passage 
of the field system past them differ in 
phase by 90 degrees. This property has 
given rise to the term quarter-phase for 
this type of machine, but it is more fre- 



Armature Winding of Phase 2' 

I*Three*Wire System 

H-Four •Wire System 

Fig. 52.—Methods of connecting two-phase generator armature windings 

methods of connecting the armature windings of two-phase alternators. 
The armature coils can be arranged in one or more slots per pole per phase, 
as diagrammatically suggested in Fig. 53. In commercial machines the 
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windings are almost always arranged in more than one slot per pole. (See 
Div. 1 for further information in regard to two-phase currents.) 



I-On« SlotptrPtolc. H-TwoState per Pole. 

Fig. 53. —Two-phase armature windings. 



Fig. 54.—Six-phase grouping. Fig. 55.—Graphs of three- 

phase currents. 


100. Three-phase alternator coils are arranged as illustrated diagram- 
matically by coils, I, II, and III of Fig. 54, and the curves of instantaneous 
e.m.f. are displaced from one another by 120 electrical degrees as indicated 
in Fig. 55. These curves also represent 
the e.m.fs. for the winding in Fig. 54. 

Here three coils are distributed (60 elec¬ 
trical degrees apart) over a pole pitch, 
and the phase displacement between the 
e.m.fs. is 60 degrees. However, if in con¬ 
necting the coils the middle coil is con¬ 
nected in the reverse sense from the other 
two, the result will be three voltages 120 
electrical degrees apart, as shown in Fig. 

55. 

The two methods of connecting three- 
phase armature windings are shown in 
Fig. 57. These methods are discussed in more detail in Div. 1. Armature 
windings can be arranged in one or more slots per pole per phase (Fig. 
58). The Y method of connection is almost always used fof three-phase 
generators. 



czz — 


Fig. 56.—Diagram for 
three-phase, Y-connected al¬ 
ternator. 
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101. Approximate Performance Values of A-c Generators 

220, 440, 600, 1,100, 2,200 and 2,400 Volts. Two-phase and three-phase. 

It should be understood that values will vary somewhat with speed and 
other conditions. Those given are general and approximate only and do 
not apply to any particular manufacturers’ line. 

A slow-speed machine is assumed to be one turning at from 100 to 200 
r.p.m.; a medium-speed machine, one turning at from 200 to 300 r.p.m.; 
and a high-speed machine, one turning at from 300 to 1,200 r.p.m. In 
the table, S indicates slow speed, M medium speed, and H high speed. 


Output, kva. 

Current 

Efficiency 

Exciter 

capacity 

required 

Three-phase 

240 

volts 

480 

volts 

600 

volts 

2,400 

volts 

y* 

load 

Vx 

load 

Full 

load 

50 

8 

M 

H 

S 

M 

H 

S 

M 

H 

120.3 

60.1 

48.0 

12.0 

85.5“ 
86 6 

88.0“ 
87 1 

89.0“ 
87 7 

88 0“ 
89.8 

89.0“ 

90.8 

7.0 

2.0 

75 

180.4 

90.2 

72.2 

- 

18.0 

90.0“ 

89.7 _ 

91.0“ 
_90. 2 __ 

92.0“ 

91.7 

91.3" 

90.8 

8.0 

3 0 

100 

240.0 

120.3 

96.2 

24. ] 

92.0“ 

91.3 

9.0 

3.0 

125 

8 

M 

H 

301.0 

150.0 

120.0 

30.1 

91.0“ 
90. 1 

90.5“ 

91.0 

90 2 

90.7“ 

91.0 

90.1 

92.5" 
92.7 

9.0 

5.0 

150 

s 

M 

H 

360.8 

180.4 

144.3 

36.1 

91.7“ 
92.0" 
91.8 

92.2“ 
93 0" 
92.8 
9374“ 
93.5“ 
93.5 

14.0 

9.0 

4.5 


s 

M 

H 

481.1 

241.6 

192.4 

48 1 

92.3“ 

93.0“ 

92.7 

12.0 

11.0 

6.0 


S 

M 

H 

723.0 

362.0 

289.0 

72.0 

91.0“ 

92.0“ 

89.2 

93.0“ 

93.5“ 

92.1 

93.5“ 

94.2“ 

93.2 

20.0 

15 0 
12.0 

400 

S 

M 

H 

962.0 

481.0 

385.0 

96.2 

92.0“ 

92.0“ 

90.2 

93.0“ 

94.0“ 

92.3 

94.0“ 

94.5“ 

93.8 

23.0 

14.0 

12.0 

500 

S 

M 

H 

1,203.0 

602.0 

481.0 

120.0 

92.5“ 

91.8 

90.8 

94.0“ 

93.5 

93.5 

94.5“ 

94.4 

94 5 

23.0 

16.0 

13 0 


S 

M 

H 

1,450.0 

722.0 

578.0 

144.0 

9275“ 

92.4 

90.0 

93.0“~ 

91.8 

90.0 

B 

94.5“ 

94.8 

93.8 

28.0 

22.0 

20.0 


S i 

M 

H 

1,690.0 

841.0 

673.0 

168.0 

94.6“ 

95.0 

94.0 

35.0 

24.0 

20.0 

800 

1.000 

S 
M 
H 
' S 

M 

H 

1,930.0 

977.0 

773.0 

: 

193.0 

92.8“ 

92.1 

91.5 

■ 

’ 95.3“ 
95.0 
94.0 

94.8“ 
95.0 
94.6 

32.0 
23.0 
17.0 » 
35.0 
29.0 
25.0 




241.0 

93.0® 

92.3 

92.5 

1,250 

S 

M 

H 




300.0 

93.5“ 

92.5 

92.0 

94.5“ 

94.6 

94.2 

95.7“ 

95.5 

95.3 


1,500 

S 

M 

H 

3,640.0 

1,804.0 

1,443.0 

361.0 

93.6“ 

92.2 

93.0 

94.7“ 

94.4 

95.1 

95.4“ 

95.5 

95.9 

42.0 

38.0 

22.0 


IT 

M 

H 


2,420.0 

1,924.0 

481.0 

94.0“ 

92.6 

92.3 

95.0“ 

94.8 

94.7 

95.8* 

95.8 

95.7 

50.0 

42.0 

38.0 


•Engine-type machines; efficiencies do not include friction of bearings. 
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102. Exciters for a-c generators are compound-wound d-c generators, 
flat-compounded and rated at 125 volts for the smaller sizes of generators 
and at 250 volts for the larger sizes. The systems of excitation which 
are in general use are: 

1. Individual exciter for each generator unit. 

а. Direct connected to the alternator shaft. 

б. Belt connected to the alternator shaft. 

2. Exciter-bus system supplied by one of the following combinations: 

o. Induction-motor-driven exciters and steam-driven exciters. 

6. Induction-motor-driven exciters and hydraulic-turbine-driven 
exciters. 

The individual exciter unit (Fig. 59) has the advantage of rapid 
response at time of system short circuits or rapid fluctuations in load. 



Delta (A) Connection V Connection 

Fig. 57.— Methods of connecting three-phase armature coils. 



t-Two Slots p«r Phase per Pote H-One Slot per Phase per Potoi 

Fig. 58.—Three-phase armature windings. 


It also has a high efficiency due to being driven by the highly efficient 
prime mover of the generator and due to eliminating the loss in a genera¬ 
tor field rheostat, since the generator voltage is controlled through 
variation of the field current of the exciter. The direct connection to the 
generator shaft is used for 1,200-, 1,800- and 3,600-r.p.m. alternators. 
The belt connection is ordinarily used for slower speed alternators so 
that a cheaper, higher speed exciter (usually 1,800 r.p.m.) can be used. 

The exciter-bus system (Fig. 59) has the advantages of not crippling 
the alternator because of trouble with the exciter and of keeping closer 
voltage regulation in cases where the prime mover driving the alternator 
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is subject to speed variations. With this system at least two of the 
exciters should be steam or hydraulic driven so as to ensure being able 
to start the plant up after a shutdown. 

Since failure of the excitation power will of necessity produce a failure 
of the a-c generation and possible shutdown of the station, it follows that 
the exciter system should be made as reliable as possible. With the 
exciter-bus system there should be at least one or two spare exciter units. 
In some plants, for extreme reliability a storage battery is floated on the 
exciter bus to ensure continuity of the d-c excitation. Induction motors 
should be used for driving the exciters, because they can be started 



P* Pilot exciter Generator 

£= Exciter Md 

G = Generator 

' I- Individual exciter system I- Exciter-bus system 

Fig. 59.—Systems of excitation for a-c generators. 

rapidly and will not fall out of step during voltage fluctuations caused by 
short circuits on the system. 

Frequently with the individual-exciter system, pilot exciters are used 
to supply the field of the main exciter. This adds to the rapidity of 
response to voltage fluctuations. 

103. Synchronizing.—Two or more a-c generators will not operate 
satisfactorily in parallel unless (1) their voltages, as registered by a 
voltmeter, are the same; (2) their frequencies are the same; and (3) their 
voltages in phase. If the machines are not in phase, even if their indi¬ 
cated voltages and their frequencies are the same the voltage of one will, 
at given instants, be different from that of the other, and there will be an 
interchange of current between the machines. When two or more gen¬ 
erators all satisfy the three above requirements, they are in synchronism. 
Synchronizing is the operation of getting machines into synchronism. 
Incandescent lamps or instruments are, as described in other para¬ 
graphs, used for indicating when machines are in synchronism. 

104. Synchronizing a Single-phase Circuit with Lamps.—The elemen¬ 
tary principle involved in determining synchronism is indicated in Fig. 60. 
If the voltage and frequency of generators A and B are the same and the 
machines are in phase, point a will be at the same potential at every 
instant as will point o'. Hence the lamps between a and a' will not light 
so long as the three conditions are satisfied. So long as the conditions 
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are not satisfied there will be a fluctuating cross-current from a to a' 
and a constant fluctuating of the brilliancy of the incandescent lamps. 
When the lamps become dark and remain so, the generators are in syn¬ 
chronism and may be thrown together. Had the connection at a ' been 
made to the b f generator lead, the lamps would be bright when the 
generators were in synchronism, but for reasons outlined in another 



Fig. 60.—Circuits for syn- Fig. 61.—Circuits for syn¬ 
chronizing with lamps. chronizing high-voltage cir¬ 

cuits with lamps. 


paragraph the connection shown, which provides the dark-lamp method 
of synchronizing, is preferred. The same conditions occur in the b — b' 
set of lamps as in the a — a' set. A voltmeter of proper rating can be 
substituted for the lamps. 

Where the voltage generated is so high that it is not desirable to connect 


a sufficient number of 
lamps in series for it, a 
single lamp fed through 
voltage transformers 
can be used for syn¬ 
chronizing, as sug¬ 
gested in Fig. 61. 

106. Phasing-out 
Three-phase Circuits. 
Prior to connecting the 
leads, from a polyphase 
generator that is to 
operate in parallel with 
others, to the generator 
switch, the circuits 
must be “phased-out,” 



With Voltage Withou* Voltage 

Transformer*. Transformers. 

Fig. 62.—Connections for phasing out three-phase 
circuits. 


i.e., the leads must be so arranged that each lead from the generator will, 
when the generator switch is thrown, connect to the corresponding lead of 
the other generator. If this is not arranged there may be considerable 
damage done, owing to an interchange of current when the two machines 
are paralleled. After once phasing-out it is necessary to synchronize but 
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one phase of the machine with the corresponding phase of the other 
machine. 

Connections for phasing-out three-phase circuits are shown in Fig. 62. 
If voltage transformers are not used, the sum of the voltages of the lamps 
in each line should be approximately the same as the voltage of the 
circuits. On 440-volt circuits, two 220-volt or four 110-volt lamps should 
be used in each phasing-out lead. 

To phase-out, run the two machines at about synchronous speed. If 
the lamps do not all become bright and dark together, interchange any 
two of the main leads on one side of the switch, leaving the lamps con¬ 
nected to the same switch terminals, after which the lamps should all 


Bus- Bars 



Fig. 63.—Connections for synchionizmg thiee-phase circuits where trans- 
foimers aie lequired. 

fluctuate together, which indicates that the connections are correct. The 
machines are in phase when all the lamps are dark. 

106. The synchronizing connections for three-phase generators are 
shown in Fig. 63. A synchronizing plug may be used instead of the 
single-pole synchronizing switch shown. The illustration indicates the 
connections used where machines are to be synchronized to a bus. Where 
only two machines are to be synchronized, the connections are the same 
as shown in Fig. 63, except that the bus transformer and the correspond¬ 
ing lamp are omitted and one plug is required instead of two. 

107. Synchronizing Dark or Light.—Synchronizing dark appears to 
be the preferable method. All the connections shown are for “syn¬ 
chronizing dark.” When the lamps are “dark” the machines are in 
phase, and it is necessary to close the switch when the pulsation is the 
slowest obtainable or ceases altogether, i.e ., at or just before the middle 
of the longest dark period. 

Should a filament break, the synchronizing lamps would remain dark 
and thus apparently indicate synchronism and possibly cause an accident. 
Therefore it is considered desirable by some to reverse the synchronizing 
circuit connections and thereby synchronize “light.” Synchronizing 
light eliminates the danger due to the breaking of a filament but has the 
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disadvantage that the time of greatest brilliancy is difficult of determina¬ 
tion. The “light” period is relatively long compared with the dark 
period so that synchronizing light is usually considered the more difficult 
and were it not that with the “synchronizing-light” method the danger 
due to filament breakage is eliminated, the method would never be used. 

The probability of a filament breaking just at the time of approaching 
synchronism, and when the machines are not in phase, is remote. If it 
occurs at any other time in the operation it will be noticed. As a protec¬ 
tion against accidents due to breakage, two synchronizing lamps should 
always be placed in multiple. 

108. The number of lamps to use in a group to indicate synchronism 

is determined by the voltage of the generators. With high-voltage 
circuits it is not feasible to use a sufficient number of lamps, so a trans¬ 
former is employed that has a secondary voltage of 110-volts. See the 
diagrams. The greatest voltage impressed on the lamps is double that 
of one generator or the secondary voltage of one transformer. Thus 



..Reactor 


.Synchroscope 


laT 


HE> 


2l 


To incoming machine 
To running machine 
To common bus 


Fig. 64.—Synchroscope and wiring diagram. 


the maximum voltage on the lamps where two 220-volt generators are 
being synchronized is 440 volts. The dark period may be shortened by 
impressing a voltage higher than their normal on the lamps. For two 
220-volt machines, for example, three 110-volt lamps might be used, but 
the life of the lamps would be greatly reduced. 

109. A synchroscope (see Fig. 64) is an instrument that indicates the 
difference in phase and frequency between two alternators. It shows 
whether the machine to be synchronized is running fast or slow. The 
pointer rotates clockwise if the machine is running fast and counterclock¬ 
wise if it is running slow. When the pointer remains stationary pointing 
upward, the machines are in synchronism. It is quite common to use 
two synchronizing lamps in addition to a synchroscope so that one system 
is a check against the failure of the other. Should the lamps remain dark 
for any greater length of time than a few seconds, the operator should 
look for trouble either in the lamps or the connections. After the main 
switches have been thrown, thus connecting the machines in parallel, 
the machines will hold themselves in synchronism. 

110. Although for successful parallel operation it is not necessary that 
a-c generators be of the same type, output, and speed, it is universally 
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conceded that the question of wave shape is important, since, if the 
waves are of different shapes, cross-currents will always be present. 
Similar wave shapes are more readily obtained with machines of similar 
type. Satisfactory parallel operation, the previously mentioned condi¬ 
tions being fulfilled, consists in obtaining: 

1. Correct division of the load among the machines. 

2. Freedom from hunting. 

111. Division of Load.—Machines with similar characteristics tend 
to divide the common load proportionally to the ratings of the machines. 
Such a proportional load division may be disturbed if the steam supply 
to the engines is defective or variable from any cause. The steam supply 
is regulated by the engine governors, and defects in one or more of these 
governors will give rise to poor load division. It is essential that the 
governors of all the engines shall have similar speed-regulation charac¬ 
teristics so that a sudden change in the load shall cause the same amount 
of regulation on each engine. Correct load division is therefore essen¬ 
tially a problem for the engine governors. 

Varying the voltage of an alternator running in parallel with others 
by adjusting its field rheostat will not vary the load on it as with a d-c 
generator. To increase the energy delivered by an alternator it is neces¬ 
sary that the prime mover be caused to do more work. An engine should 
be given more steam or a water wheel more water. 

112. Adjustment of Field Current.—When the rheostats of two alterna¬ 
tors running in parallel at normal speed are not adjusted to give a proper 
excitation, a cross current will flow between the armatures. The inten¬ 
sity of this current depends only upon the difference in the field currents 
and the impedances of the armature windings. It may vary over a 
wide range, from a minimum of zero when both field currents are normal, 
to more than full-load current when they differ greatly. The effect of 
this cross current is to increase the temperature of the armatures and, 
consequently, to decrease the allowable useful output of the generators. 
It is important that the rheostats be so adjusted as to reduce it to a 
minimum. This cross current registers on the ammeters of both genera¬ 
tors and usually increases both readings. The sum of the ammeter 
readings will be minimum when the idle or cross current is zero. 

In general, the proper field current for a machine running in parallel 
with others is that which it would have if running alone and delivering 
its load at the same voltage. In order to determine the proper position 
of the rheostats it is necessary to make trial adjustments after the alterna¬ 
tors are paralleled, until that position is found at which the sum of the 
ammeter readings is minimum. 

To illustrate this method let us consider two similar alternators, A 
and B (Fig. 65), operating in parallel. When the generator field rheostats 
of both are properly adjusted, no cross currents will flow through the 
armatures, and the main ammeters will show equal readings if each 
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machine is receiving the same amount of power from its prime mover. 
If the rheostat of A is partly cut in so as to reduce its field current, a cross 
current lagging in B and leading in A will flow between the armatures, the 
effect of which will be to strengthen A’s magnetization and weaken B’s 
until they are approximately equal. The resultant e.m.f. of the system 
will thereby be lowered. 

On the other hand, if the rheostat of B is partly cut out so as to increase 
its field current, a cross current leading in A and lagging in B will flow 
between the arma¬ 
tures, strengthening 
A’s magnetization 
and weakening B’s 
magnetization until 
they are again equal. 

The resultant e.m.f. 
of the system will 
thereby be raised. A 
cross current of the 
same character is 
therefore produced 
by decreasing one 
field current or in¬ 
creasing the other, 
i.e., in both cases it 
will lead in the first 
machine and lag in 
the second. The Fia. 65. — Two three-phase alternators of similar 
e.m.f. of the system characteristics operating in parallel. 

will, however, be decreased in one case and increased in the other. 

It is obvious that by simultaneously adjusting the two rheostats the 
strength of the cross current may be varied considerably and the e.m.f. 
of the system maintained constant. 

For the first trial adjustment, cut in A’s rheostat several notches and 
cut out B’s the same amount, so as not to vary the e.m.f. of the system. 
If this reduces the sum of the main ammeter readings, continue the 
adjustment in the same direction until the result is minimum. After 
this point is reached a further adjustment of the rheostat in either direc¬ 
tion will increase the ammeter readings. If the first adjustment increases 
the sum of the ammeter readings it is being made in the wrong direction, 
in which case move the rheostats back to the original positions and then 
cut out A’s rheostat and cut in B’s . If both adjustments increase the 
sum of the ammeter readings the original positions of the rheostats are 
the proper ones. 

In making these adjustments of the rheostats it may be found difficult 
to locate the exact points at which the cross current is minimum, as it 















634 


AMERICAN ELECTRICIANS’ HANDBOOK IDiv. 5 


may be possible to move the rheostats over a considerable range when 
near the correct positions without materially changing the ammeter 
readings. When the adjustment is carried this far, it is close enough for 
practical operation. If the generators are provided with power-factor 
meters, the same result may be obtained by adjusting the field currents 
until all the power-factor meters read the same, at the same time main¬ 
taining the voltage constant. 

113. Hunting (“Standard Handbook for Electrical Engineers”) is a 
term employed to describe the oscillations of the revolving masses of 
the machines when they are accelerated and retarded above and below 
the normal average speed. If this hunting or swinging be allowed to 
exceed a certain amount, the operation of the machines becomes unstable 
and they may break out of step. Freedom from cumulative hunting is 
consequently essential. The swinging action is set up primarily by 
variations in the rotative speed resulting from irregularity in the 
turning force. A perfectly uniform turning moment or turning force 
cannot be obtained with reciprocating engines. The irregularity in the 
turning moment during a revolution results from the following causes: 

1. Defective distribution of steam in cylinders. 

2. Short connecting rod. 

3. Inertia of moving parts. 

If one of two machines running in parallel momentarily lags behind 
the other, its armature receives a current which tends to pull the machine 
into phase and accelerate it. At the instant it reaches the correct phase 
position its speed may be a little greater than that of the other machine, 
which is now in turn accelerated. The machines are now alternately 
lagging and leading with relation to one another. In other words, hunt¬ 
ing is set up. 

Whichever engine is, for the instant, accelerating will have its steam 
supply cut down by the governor. If the governor is too sensitive, it 
will overgovern, cutting down the steam and the speed too far. An 
instant later the overgoverning will be in the opposite sense, and this 
process will repeat itself. Similar occurrences will simultaneously be 
taking place on the other engine, and thus we have a case of hunting 
governors. By this hunting, the steam supply is rendered periodic and 
varies between two limits. 

114. Surging is the term used in connection with the current variations 
during the hunting, the latter term applying to the mechanical phenom¬ 
enon of periodic speed variations. The case described is an instance of 
hunting in the governors due to change of load and to oversensitiveness 
of the governors. If, however, the governors are sluggish, a time 
interval elapses between an accidental acceleration and its correction by 
the governor. This lag in response will tend to set up hunting. 

113. Prevention of Hunting. —The variations in turning moment and 
angular speed may be greatly reduced by the use of a heavy flywheel, 
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as this tends to keep the rate of revolution uniform by virtue of storing 
energy and giving it out again during the course of each revolution. The 
flywheel, however, must not have too great a moment (i.e., it must not be 
too big) as it adds to the inertia of the moving parts and may prolong 
hunting if once started. Hunting may sometimes be overcome by 
damping the governor so that it will not respond to small and quick 
variations in speed, such as occur during one revolution, but will respond 
only to steady and continued changes in speed. This result is obtained 
by fitting each governor with a suitable dashpot so that it is rendered 
more sluggish and will make no alteration in the steam supply except 
when the force acting on the governor is continued for some length of 
time. 

The tendency to hunt may sometimes be prevented by synchronizing 
the engines so that the cranks on all the engines are in step, and the 
variations in turning moment are coincident in all the engines. This 
plan is sometimes effective, so far as the prevention of hunting in the 
generating station is concerned, but it cannot always be utilized owing to 
the time taken to get the cranks in step, especially as an engine must be 
run up in a few minutes when the load is coming on quickly. It also is 
apt to intensify the hunting of the apparatus in distant substations. 

With steam-turbine-driven generators, this hunting difficulty is much 
more rare—practically unknown—and the use of high and uniform 
speeds facilitates the problem of parallel running. 

The tendency of generators to hunt may be minimized by surrounding 
the pole pieces of the field magnets with copper bands in which eddy 
currents are induced by the shifting and distortion of the field. These 
currents react on the field and oppose the shifting and thus damp the 
oscillations. A more suitable construction consists of a grid of copper 
embedded in the pole face. It is very seldom necessary to provide such 
“dampers’ 1 on pole pieces of generators for modern steam or water-wheel 
drive. They are usually necessary for gas-engine-driven generators. 

116. To Start a Single Alternator.—(1) See that there is plenty of oil 
in the bearings and that the oil rings are free to turn and that all switches 
are open. (2) Start exciter and adjust for normal voltage. Start 
generator slowly. See that the oil rings are turning. (3) Permit the 
machine to reach normal speed. Turn the generator field rheostat so 
that all its resistance is in the field circuit. Close the field switch. (4) 
Adjust the rheostat of the exciter for the normal exciting voltage. Slowly 
increase the alternator voltage to normal by cutting out the resistance of 
the field rheostat. (5) Close the main switch. 

117. To Start an Alternator to Run in Parallel with Others.—(1) 
Bring the exciter and generator to speed as described in the above para¬ 
graph. Adjust the exciter voltage and close the field switch, the gener¬ 
ator field resistance being all in. (2) Adjust the generator field resistance 
so that the generator voltage will be the same as the bus-bar voltage. 
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(3) Synchronize, as outlined in one of the preceding paragraphs. Close 
the main switch. (4) Adjust the field rheostat until cross currents are a 
minimum (see Sec. 112) and adjust the governors of the prime movers so 
that the load will be properly distributed between the operating units in 
proportion to their capacities. (5) Adjust the governor of the machine 
which is to take the most load so that it will admit more steam. 

118. To Cut Out a Generator Which Is Running in Parallel with 
Others (Westinghouse instruction book).—(1) Preferably cut down the 
driving power until it is just sufficient to run the generator at no load. 
This will reduce the load on the generator. (2) Adjust the resistance 
in the field circuit until the armature current is at a minimum. (3) 
Open the main switch. 

Caution.—The field circuit of a generator, which is to be disconnected 
from the bus bars, must not be opened before the main switch has been 
opened; for, if the field circuit is opened first, a heavy current will flow 
between the armatures. 

119. Induction generators have the same construction as induction 
motors (see Sec. 142). A revolving magnetic field is produced by the 
stator currents in exactly the same manner as in an induction motor 
(see Sec. 143). Induction generators are made in two types as listed in 
Sec. 93. The type in which the stator winding is the source of voltage 
is used for producing voltages of ordinary power frequencies, such as 25, 

50, or 60 cycles. The type m 
which the rotor winding is the 
source of voltage is used for pro¬ 
ducing voltages of higher fre¬ 
quencies than ordinary power 
frequencies, such as 90, 100, 175, 
or 180 cycles. These higher fre- 
Pig. 66.— Induction generator con- queneies are frequently required 
nections. for the operation of high-speed 

portable tools and machines in the woodworking industry. 

Induction generators, in which the stator windings are the source of 
voltage, have their stator windings connected to the electric system 
which is to receive the power and their rotor windings short-circuited 
as shown in Fig. 66. The machine cannot function as a generator until a 
revolving magnetic field is produced in the machine. The current which 
produces the rotating magnetic field must therefore be supplied to the 
stator winding from a source external to the machine. Therefore, an 
induction generator of this type must be operated in parallel with a 
synchronous generator. Such an induction generator is in effect an 
induction motor which is driven at a speed above the speed of its rotating 
magnetic field. 

Suppose an induction motor, which has a slip of 5 per cent at full load 
when operating as a motor, is driven at a speed 5 per cent greater than 
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_1_ 

Starter 








I 



the speed of the rotating magnetic field. The flux cut by the rotor con¬ 
ductors will be practically the same as when it was operating as a motor. 
But the direction of motion of the conductors relative to the flux will be 
reversed. Hence the machine will become a generator and deliver 
power to the line approximately equal to its full-load motor rating. The 
frequency of the current supplied by an induction generator will always 
be the same as that of the synchronous generator with which it is in 
parallel. The induction generator tends to supply a leading current, just 
as does a condenser. The power factor at which it operates is determined 
by the slip and the 
design and is not de- 25,50or 60 cycle 

pendent upon the source of supply 

load. 

Induction genera¬ 
tors in which the 
rotor is the source of 
voltage are used for 
the generators in 
motor-generator, fre¬ 
quency-changer sets. 

The stator windings 
are connected to 25-, 

50-, or 60-cycle main 
power supply, and the 
rotor supplies the 
power to the higher 
frequency circuits as 
shown in Fig. 67. If a 60-cyclc current is passed into the primary winding 
of a standard wound-rotor motor and the motor is operated at synchronous 
or no-load speed, there is practically no voltage generated in the second¬ 
ary. If, however, the rotor is held stationary, a 60-cycle voltage can be 
obtained from the secondary. If the rotor is revolved in the opposite 
direction to that in which it would revolve as a motor, a voltage of a 
frequency higher than 60 cycles is generated. The high frequency 
depends upon the speed and number of poles in the generator and can be 
calculated from the following formula: 

High frequency = poles 4 . line frequency 



Shaft 


DirecHonof 
rotation of 
revolving 
magnetic 
field 


Direction of 
elec, and mech 
rotation 


Fig. 67. 


Direction \-- 
of mech y 
rotation 

Induction generator\ 

High frequency 
output 

Schematic diagram of induction frequency- 
changer set. 


( 2 ) 


The voltage delivered by the induction frequency changer depends 
upon the design of the primary and secondary windings, the speed of the 
set, and the applied primary voltage. 

120. Inductor alternators are employed for the production of voltages 
of frequencies between 500 and 10,000 cycles for supplying the power to 
induction furnaces for the melting and heating of steel and alloys. The 
rotating element carries no electrical windings but consists simply of *» 
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toothed steel member (Fig. 68). The stationary member supports two 
sets of windings: the field windings and the armature coils. As the 
toothed member revolves, it varies the reluctance of the magnetic paths 
and thereby varies the flux produced by the current in the field windings. 
The flux also links with the armature coils, and its variation induces a 
voltage in these coils. 



Fig. 68.—An inductor alternator. This type of construction has been 
used for relatively small alternators employed in radio transmission and 
gives as high as 200,000 cycles per sec. (.From Sanderson.) 

PRINCIPLES, CHARACTERISTICS, AND MANAGEMENT OF 
ELECTRIC MOTORS 

121. Types of Electric Motors. —Electric motors are manufactured in a 
number of different types. They may be divided into three main groups, 
depending upon the type of electric system that they are designed to 
operate from: d-c; single-phase a-c; and polyphase a-c. There are 
several types of motors in each one of these groups, constructed so that 
they produce different starting and running characteristics. The 
principal types of electric motors are given in the following list. 

Direct current. 

Shunt wound. 

Series wound. 

Compound wound. 

Polyphase alternating current. 

Induction. 

Squirrel cage. 

Normal torque, normal starting current. 

Normal torque, low starting current. 

High torque, low starting current. 

Low torque, low starting current. 

High-resistance rotor. 

Automatic start. 

Multispeed. 
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Wound rotor. 

Commutator) brush shifting. 

Poly speed. 

Synchronous. 

Standard type. 

Fynn-Weichsel. 

Supersynchronous. 

Single phase alternating current. 

Repulsion. 

Induction. 

Shading-pole starting. 

Inductively split-phase starting. 

Capacitor type. 

Repulsion start-induction run. 

Repulsion induction. 

Series. 

122. Speed Classification of Motors. —Each electric motor possesses a 
certain inherent speed characteristic by means of which it can be classified 
in one of several groups. The following classification of speed character¬ 
istics is that adopted by The National Electrical Manufacturers’ Associ¬ 
ation (N.E.M.A.). 

1. A constant-speed motor is one whose speed is practically constant 
from no load to full load. Motors in this class may have an absolutely 
constant speed regardless of the load, or the speed may vary a few per 
cent from no load to full load. 

2. An adjustable-speed motor is one in which the speed can be varied 
gradually over a considerable range but, when once adjusted, remains 
practically constant regardless of the load. 

3. A multispeed motor is one which can be operated at any one of 
several definite speeds but, when once adjusted, remains practically 
constant regardless of the load. It differs from the adjustable-speed 
motor in that the multispeed motor can be operated at only certain 
definite speeds without any gradual adjustment of the speed between 
these definite speeds. 

4. A vafying-speed motor is one whose speed varies with the load, 
generally decreasing as the load increases. 

5. An adjustable varying-speed motor is one in which the speed can 
be varied gradually over a considerable range, but in which the speed, 
when once adjusted for a given load, will vary in considerable degree 
with change in the load. 

123. Service Classification of Motors. —Electric motors are classified 
into two groups depending upon the type of service they are designed for. 
General purpose motors are those motors designed for general use without 
restriction to a particular application. They are designed to meet 
certain specifications as standardized by the National Electrical Manu- 
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facturers’ Association. Special-service motors are those designed 
primarily to meet the requirements of special applications. 

124. Brake motors are motors equipped with electrically controlled 
brakes as an integral part of the motor assembly. The brake motor 
manufactured by one company (see Fig. 69) consists of one or more 
rotating steel disks splined on a pinion on the motor shaft, with stationary 
friction linings on each side of each disk. A helical spring in the center 
applies pressure to provide the required braking and either two, three, 
or four magnets, depending on the rating of the brake, supply force to 
compress the spring and release the brake while the motor is running. 


Magnet coil —j p- Armature plate 

Magnet 
plate 



Adjustment 
T ■ stud 
Torque- 

Indicating Sp/ined Rotating 

clia/ pinion disk 


x Brake 
fining 


Fig. 69.—Brake motor, with brake cover partially cut away to illustrate tho 
internal construction. {General Electric Co.) 


When power is applied to the motor, the brake is immediately ener¬ 
gized, since the brake leads are connected directly to the motor leads in 
the conduit box. The current energizes the magnets, and they pull the 
armature plate toward the end plate. This removes the pressure on the 
revolving disks and allows them to move freely between the friction 
linings, releasing the brake. 

Since the rotating disks are separated from the friction surfaces at all 
times except during actual braking, the motor delivers full rated horse¬ 
power at the output shaft. 

When the motor is disconnected from the power supply, the magnets 
are immediately de-energized, and the spring pushes the armature plate 
away from the adjustable plate, toward the motor. This applies braking 
pressure on the surfaces between the revolving disks and the friction 
linings, bringing the motor to a quick, smooth stop. This inherent 
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smooth action, free from hammer blow, keeps stresses at the minimum in 
the brake and in belts, cables, gears, or chains through which the motor 
drives. 

126. Gear motors are motors equipped with a built-in reduction gear as 
an integral part of the motor assembly (see Fig. 70). The motor itself 
is generally an 1,800-r.p.m. machine. Output-shaft speeds between 2 
and 1,550 r.p.m. are available. These motors can be obtained equipped 



Character of load 

8 to 10 hr. service 

24 hr. service 

of driven machine 

per day 

per day 

Uniform. 

1.00 

1.25 

Moderate shock. 

1.25 

1.50 

Heavy shock. 

1.75 

2.00 


Gear motors are available with three classes of gear-element construc¬ 
tion in order to meet the different requirements of severity of service. 
They are classified as general purpose, special purpose, and heavy duty. 
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The general-purpose gear motors are equipped with gears having a gear 
service factor of 1.0, the special-purpose motors having a gear service 
factor of 1.5, and the heavy-duty a gear service factor of 2.0. 

The following summary gives recommendations for applications of 
gear motors under operating conditions of good alignment, adequate 
attention and maintenance, and proper lubrication. 

Satisfactory Service Conditions for Different Types of Gear Motors. 

1. General purpose (service factor, 1). 

a. 8 to 10 hr. per day continuous operation, infrequent starting, 
constant-torque load. 

b. 24 hr. per day continuous operation, 3 to 4 months per year, 
infrequent starting, constant-torque load. 

c. Frequent starting (normal-starting-torque motor) operating only 
few days per year (very intermittent service). 

2. Special purpose (service factor, 1.5). 

а. 24 hr. per day continuously, infrequent starting, constant-torque 
load. 

б. 8 to 10 hr. per day continuously, frequent starting or moderately 
pulsating load. 

c. Intermittent service, high-torque motor such as crane or hoist 
service. 

d. 8 to 10 hr. per day, starting high-inertia load several times per 
day. 

e. 8 hr. per day, infrequently reversing load. 

/. 8 to 10 hr. per day with intermittent overloads (not stalling). 

3. Heavy duty (service factor, 2). 

a. 24 hr. per day continuously, with moderately pulsating load. 

b. 24 hr. per day, frequent starting. 

c. 8 to 10 hr. per day, reversing load with brake on motor. 

d. Intermittent service, frequent reversing. 

e. Intermittent service, frequently starting high-inertia loads or 
liigh-breakaway friction load&. 

4. Extra-heavy duty (service factor, 2.5 to 5). 

All applications requiring gears to meet conditions more severe 

than outlined under the above classifications should be referred to 

the manufacturer. 


125A. Typical Speed-reducer Applications Grouped as to Character of 

Load 


Agitators: 

Liquid 

Semiliquid 

Bleachers 


Uniform Load 

Blowers: Can-filling 

centrifugal or machines 

vane Cookers: 

Bottling machines Cereal 


Fans (uniform speed 
and balance): 
Centrifugal 
Propeller 
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Convey ora: 

Uniform Load 

Elevators, bucket Kettles 

Pumps 

(Uniformly load¬ 

(uniformly load¬ 

Brew 

Centrifugal 

ed or fed) 

ed or fed): 

Line shaftH 

Geared 

Apron 

Centrifugal dis¬ 

Light 

Rotary 

Assembly 

charge 

Machine tools 

Screens 

Belt 

Gravity dis¬ 

Light 

Air washing 

Oven 

charge 

Mash tubs 

Traveling water, 

Screw 

Continuous 

Mixers 

intake 

Feeders: 

bucket 

Liquid 

Textile machinery 

Disk type 

Generatois 

Semiliquid 

Cards 

Beaters: 

Moderate 

uniform mate¬ 

Shock Load 

Feeders (pulsating 

Mixers: 

Pulp 

rial) 

loads): 

Dough 

Blowers: 

Apron 

Apron 

Pumps: 

Lobe 

Belt 

Belt 

Reciprocating (3 

Car pullers 

Live roll 

Screw 

or more cylin¬ 

Compressors: 

Screw 

Hoists: 

ders) 

Centrifugal or 

Draw bench 

Reversing 

Screens: 

rotary 

Driers: 

Skip 

Rotary, gravel or 

Reciprocating (3 

Rotary 

Kilns: 

stone 

or more cylin¬ 

Elevators: 

Cement 

Stock chests 

ders) 

Heavy-duty 

Lime 

Stokers 

Conveyors: 

bucket 

Mills: 

Textile machinery: 

(Heavy duty or 

Freight 

Ball 

Looms 

dual drive, 

Fans: 

Pebble 

Wire-drawing 

rough and non- 

Large mine 

Rubber sheet 

machines: 


Induced draft 


(Individual) 


Heavy Shock Load 

Compressors: Crushers: Hoists, mine Pumps: 

Reciprocating Ore Jordans: Reciprocating 

(single or two Stone Mills (single or two 

cylinder) Dredge cutter head Hammer cylinder) 

Conveyors: Feeders: Rod Punch presses 

Reciprocating Recipiocating Rubber calender 

Shaker 

126. Direction of Mounting of Motors.—The standard type of motor 
is designed to he mounted with its shaft horizontal. Motors can he 
obtained, however, for mounting with their shafts vertical, hut they are 
more expensive and require more careful attention. 

127. Bearings for motors may be of the sleeve or ball-hearing type. 
The type to use is largely one of individual preference, since both types 
when properly designed and maintained will give satisfactory service. 
Most manufacturers are prepared to furnish from regular stock either 
with sleeve or ball bearings any type of motor up to 200 hp. except some 
totally enclosed motors. Motors of the larger sizes generally are furnished 
with sleeve bearings. 

For especially quiet operation, sleeve bearings are preferable. 

The application of grease-packed ball bearings is especially advan¬ 
tageous under the following conditions*. 
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1. Where the motor frame does not remain in a stationary position 
after installation. 

2. Where the motor is located in an inaccessible place. 

3. For many totally enclosed motor applications. 

4. For motors with their shafts mounted vertically. 

5. For high speeds. 

6. For heavy thrust loads. 

The cost of ball-bearing-equipped motors is slightly more than for 
sleeve-bearing motors. 

128. Types of Motor Enclosure.—The different types of electric 
motors may be obtained with constructions which give different degrees 
of enclosure and protection to the operating parts and windings. The 
different standard types as explained and defined by the American 
Standards Association are given below. 

A self-ventilated machine is one which has its ventilating air circulated 
by means integral with the machine. 

A separately ventilated machine is one which has its ventilating air 
supplied by an independent fan or blower external to the machine. 

An enclosed self-ventilated machine is a machine having openings 
for the admission and discharge of the ventilating air, which is circulated 
by means integral with the machine, the machine being otherwise totally 
enclosed. These openings are so arranged that inlet and outlet ducts or 
pipes may be connected to them. 

Note. —Such ducts or pipes, if used, must have ample section and be so arranged as 
to furnish the specified volume of aii to the machine; otherwise the ventilation will not 
be sufficient. 

An enclosed separately ventilated machine is a machine having open¬ 
ings for the admission and discharge of the ventilating air, which is 
circulated by means external to and not a part of the machine, the 
machine being otherwise totally enclosed. These openings are so 
arranged that inlet and outlet duct pipes may be connected to them. 

An open machine is a self-ventilated machine having no restriction to 
ventilation other than that necessitated by mechanical construction. 

Note. —In the sense of this definition an open machine, when the term is used without 
qualification, is understood not to be splashproof or dnpproof. 

A totally enclosed machine is one so enclosed as to prevent exchange 
of air between the inside and the outside of the case, but not sufficiently 
enclosed to be termed airtight. 

A totally enclosed fan-cooled machine is a totally enclosed machine 
equipped for exterior cooling by means of a fan or fans, integral with the 
machine but external to the enclosing parts. 

A protected machine is one in which all ventilating openings in the 
frame are protected with wire screen, expanded metal, or perforated 
covers, the openings in which do not exceed Yi sq. in. (323 sq. mm.) in 
area and are of such shape as not to permit the passage of a rod larger 
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than in. (12.7 mm.) in diameter, except that where the distance of 
exposed live parts from the guard is more than 4 in. (101.7 mm.) the 
openings may be % sq. in. (484 sq. mm.) in area and must be of such 
shape as not to permit the passage of a rod larger than % in. (19 mm.) 
in diameter. 

A semiprotected machine is one in which part of the ventilating open¬ 
ings in the frame, usually in the top half, are protected, as in the case of a 
“ protected machine,” but the others are left open. 

A dripproof machine is one in which the ventilating openings are so 
constructed that drops of liquid or solid particles falling on the machine 
at any angle not greater than 15 deg. from the vertical cannot enter the 
machine either directly, or by striking and running along a horizontal or 
inwardly inclined surface. 

A splashproof machine is one in which the ventilating openings are so 
constructed that drops of liquid or solid particles falling on the machine 
or coming toward it in a straight line at any angle not greater than 
100 deg. from the vertical cannot enter the machine either directly or by 
striking and running along a surface. 

An explosion-proof machine is one in an enclosing case which is 
designed and constructed to withstand an explosion of a specified gas or 
dust which may occur within it, and to prevent the ignition of the 
specified gas or dust surrounding the machine by sparks, flashes, or 
explosions of the specified gas or dust which may occur within the 
machine casing. 

A waterproof machine is a totally enclosed machine so constructed that 
a stream of water from a hose (not less than 1 in. in diameter) under a 
head of 35 ft. and from a distance of about 10 ft. can be played on the 
machine without leakage, except that leakage which may occur around 
the shaft may be considered permissible, provided it is prevented from 
entering the oil reservoir and provision is made for automatically draining 
the machine. 

Note.—T he machine should be provided with a check valve for drainage or with a 
tapped hole at the lowest part of the frame which will serve for application of drain pipe 
or dram plug. 

A dusttight machine is one so constructed that the enclosing case will 
exclude dust. 

A machine is designated as moisture resistant, fume resistant, etc., 
when so constructed, protected, or treated that it will not be readily 
injured when subjected to the specified material, as follows: 

1. Moisture (very damp or humid atmosphere such as occurs in dye- 
houses, evaporating rooms, certain tropical localities and in some mines). 

2. Fumes ( as may be specified). 

3. Gas (as may be specified). 

4. Acid (as may be specified). 

5. Alkali (as may be specified). 
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A submersible machine is one so constructed that it will operate 
successfully when submerged in water under specified conditions of 
pressure and time. 

129. Torques of Motors. —The starting or static torque (locked-rotor 
torque) of a motor is the turning effort exerted by the motor at standstill 
at the instant that the motor is connected to the line. It is the turning 
effort that will be exerted in starting a load from rest. 

The pull-up torque of a motor is the minimum turning effort developed 
by the motor during the period of acceleration from rest to full 
speed. 

The breakdown torque of a motor is the maximum turning effort that 
the motor will develop when running, without a sudden drop in the speed 
and stalling of the motor. 

The pull-in torque of a synchronous motor is the maximum turning 
effort that the motor will exert to prill its connected inertia load into 
synchronism. 

The nominal pull-in torque of a synchronous motor is the turning effort 
W'hich the motor will exert when operating as an induction motor at 
95 per cent of synchronous speed. 

The pull-out torque of a synchronous motor is the maximum sustained 
turning effort which the motor will exert at synchronous speed for 
1 min. 

The rated torque of a motor is the turning effort exerted by the motor 
when delivering its rated horsepower load at rated speed. 

The maximum torque of a motor is the maximum turning effort that 
the motor can exert. In some motors this maximum torque is developed 
under standstill conditions and in others at some definite speed. 

All the above torque conditions are dependent upon rated impressed 
voltage and, also, for a-c motors are dependent upon rated frequency. 

130. The rating of an electric motor includes the service classification 
(Sec. 123), voltage, full-load current, speed, number of phases and 
frequency if alternating current, and full-load horsepower. 

The horsepower rating which is stamped on the motor name plate by 
its manufacturer is the horsepower load which the motor will carry 
without injury to any part of the motor. 

In any motor a certain amount of the input energy is lost in the 
machine. This energy that is lost in the machine itself is dissipated in 
the form of heat, which raises the temperature of the motor. As the 
load on a motor is increased the losses increase, and, therefore, the tem¬ 
perature of the different parts of the machine increase with the load. If 
too great a load is put on the motor, the motor will become excessively 
hot, with probable injury to the insulation of the windings. 

The different types of insulation employed in the construction of 
motors, together with their maximum safe operating temperatures, are 
given in the table at top of page 647. 
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Insulating Materials for Electrical Machinery 


Class 

Description of material 

Max. safe operating 
temperature, °C. 

0 

Class 0 insulation consists of cotton, silk, paper, and 
similar organic materials when neither impreg¬ 
nated® nor immersed in oil 

90 

A 

Class A insulation consists of cotton, silk, paper, and 
similar organic materials when impregnated 0 or 
immersed in oil; also enamel as applied to con¬ 
ductors 

105 

B 

Class B insulation consists of mica and asbestos and 
similar inorganic materials, in built-up form com¬ 
bined with binding cement. If Class A material 
is used in small quantities for structural purposes 
only, in conjunction with Class B insulation, the 
combined materials may be considered as Class B, 
provided the electrical and mechanical properties 
of the insulated winding are not impaired by the 
application of the temperature permitted for Class 
B material. (The word "impair” is used here in 
the sense of causing any change which could dis¬ 
qualify the insulating material for continuous 
service) 

125 

(’ 

Class C insulation consists of inorganic materials 
such as puie mica, porcelain, quartz, etc. 

No limit yet set 


° Impregnated cotton, papei, or silk: An insulation is considered to be "impregnated’' 
when a suitable substance replaces the air between its fibers, even if this substance does 
not completely fill the spaces between the insulated conductors. The impregnating 
substance, in order to be considered suitable, must have good insulating properties, must 
entirely cover the fibers and render them adherent to each other and to the conductor, 
must not produce interstices within itself as a consequence of evaporation of the solvent 
or through any other cause, must not flow during the operation of the machine at full 
working load or at the temperature limit specified, and must not unduly deteriorate 
under prolonged action of heat. 

Since it is generally not possible to measure the temperature of the 
hottest spot in the machine, the maximum observable temperature must 
be somewhat less than the maximum safe operating temperature of the 
hottest spot. The values given in the following table are in accordance 
with the standardized conventional allowances between hottest-spot 
temperatures and maximum observable temperatures. 


Maximum Safe Observable Temperatures 



Class O 

Class A 

Class B 

Method 

material, 

material. 

material, 


deg. C 

deg. C 

deg. C 

Thermometer method. 

75 

90 

110 

Resistance method. 

80 

95 

115 

Embedded-detector method. 

85 

10Q 

120 










648 


AMERICAN ELECTRICIANS' HANDBOOK [Div. 5 


The horsepower ratings of motors are based on an observable safe 
temperature rise above the temperature of the surrounding air. The 
temperature of the surrounding air is called the ambient temperature and 
is taken as 40°C. If a motor is given a certain horsepower rating on a 
55°C. basis, the manufacturer guarantees that the motor will deliver 
its rated horsepower when operating under rated voltage, frequency, and 
surrounding temperature conditions without the observable temperature 
of its windings exceeding a temperature of 40°C. (ambient temper¬ 
ature) -j- 55°C. (temperature rise) = 95°C. 

Two different methods are employed for the rating of electric motors: 
continuous rating and intermittent rating. The allowable rating of a 
given motor is determined by the continuity of operation. Obviously, 
a motor can be rated higher for intermittent service than for continuous 
service; conversely, a motor rated for intermittent service must not be 
used at the same rating for continuous duty. General-purpose motors 
are always rated on a continuous-duty basis. 

Motors for intermittent duty are given a short-time rating. The 
standard duration of tests for these ratings is 5, 15, 30, and 60 min. A 
motor rated at a certain horsepower for 30 min. will carry its rated load 
continuously for a period of 30 min. 

All motor ratings are based on a specified temperature rise when 
operating at full load in an ambient temperature of 40°C. General- 
purpose open motors are given a continuous rating for 40°C. temperature 
rise. Motors so rated when operated at rated voltage and frequency 
will carry their rated load continuously without the observable temper¬ 
ature of its windings exceeding a temperature rise of 40°C. above their 
surrounding atmosphere. This rating provides a considerable factor of 
safety in order to allow for the usual variations in operating conditions. 
Motors rated on the 40°C. temperature-rise basis will carry their rated 
load continuously without injury to any part of the machine under the 
following service conditions, which are defined as usual: 

1. An ambient temperature not exceeding 40°C. 

2. A variation in voltage of not more than 10 per cent above or below 
the name-plate rating. 

3. A variation in frequency of not more than 5 per cent above or below 
the name-plate rating. 

4. A combined variation of voltage and frequency of not more than 
10 per cent above or below the name-plate rating, provided that the 
frequency does not exceed 5 per cent variation. 

5. An altitude not exceeding 1,000 m. (3,300 ft.). 

6. Location or atmospheric conditions as to dust, moisture, or fumes 
which will not seriously interfere with the ventilation of the motor. 

7. Solid mounting and all belt and chain drives and gearing. 

A 40°C. temperature-rise-rated motor will carry momentarily an 
overload of 50 per cent in excess of its rated load. Most 40°C. motors 
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will carry 1.15 times their rated load continuously when operated at rated 
voltage and frequency in an ambient temperature of 40°C. The factor 
of 1.15 is known as a service factor. If this service factor is allowable it 
should be marked by the manufacturer on the name plate. 

The following types of motors when provided with Class A insulation 
are rated on a 50°C. temperature-rise basis and when provided with 
Class B insulation are rated on a 70°C. temperature-rise basis: 

1. Protected. 

2. Semiprotected. 

3. Dripproof. 

4. Splash proof. 

The following types of motors when provided with Class A insulation 
are rated on a 55°C. temperature-rise basis and when provided with Class 
B insulation are rated on a 75°C. temperature-rise basis: 

1. Totally enclosed. 

2. Totally enclosed, fan cooled. 

3. Explosion-proof. 

4. Waterproof. 

5. Dusttight. 

6. Submersible. 

Motors rated on the 50, 55, 70, and 75°C. temperature-rise basis do 
not have any service factor. 

When a motor is operated in an ambient temperature in excess of 
40°C. the allowable load on the motor must be reduced from its rated 
value a sufficient amount so that the maximum observable temperature 
of its windings as given in the above table will not be exceeded. 

131. Starting Currents of Motors.—In stating the starting current 
taken by a motor it should be specified just what current is meant, as 
starting currents are given in several different ways. In some cases the 
starting current pulled from the line is not the same as the current flowing 
into the motor itself at the instant of starting. If the rotating member 
of a motor is held stationary (blocked rotor) and voltage applied to the 
machine a certain current would be indicated. This current is the first 
inrush current that will occur at starting. If the starting current is 
measured with a well-damped ammeter under actual starting conditions 
(rotor free to revolve), the current indicated on the ammeter will be less 
than the first inrush current. This is true owing to the fact that the 
ammeter does not have a chance to indicate the peak current before the 
motor has started to revolve and the current has decreased somewhat. 
It is standard practice to take the free-rotor value of starting currents as 
75 per cent of the blocked-rotor values. 

The blocked-rotor current of a motor is the current taken directly by 
the motor with the revolving part held stationary. 

The blocked-rotor current of a motor and its starter is the current taken 
from the line with the revolving part held stationary. 
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The free-rotor current of a motor is the maximum current taken 
directly by the motor during the starting period as indicated by a well- 
damped ammeter. 

The free-rotor current of a motor and its starter is the maximum 
current drawn from the line during the starting period as indicated by a 
well-damped ammeter. 

The average starting current of a motor is the average value of the 
starting current that must be considered in selecting fuses or circuit 
breakers. Fuses with a rating equal to the average starting current of a 
motor will allow the starting of the motor without rupturing the fuses. 
Owing to the time-lag characteristic of fuses, the peak value of the 
starting current will not rupture fuses of a rating considerably less than 
the peak value of the starting current. 

132. Permissible Motor-starting Currents. —The operating conditions 
of an electric power system are affected by the currents taken by motors 
under starting conditions. Excessive power fluctuations will cause large 
changes in the voltage of the system and excessive voltage drops under 
the peak current conditions. These power and voltage fluctuations may 
result in unsatisfactory operating conditions for one or more of the 
following reasons: 

1. Actuation of undervoltage protective or release devices on motor 
controllers, causing shutdown of motors. 

2. Stalling of induction motors that are operating close to full load or 
slightly over full load. 

3. Objectionable dips in light output of lamps and flickering of lamps. 

4. In the case of small private generating plants, danger of overloading 
of generators. 

Each electric power company has definite rules with respect to per¬ 
missible starting currents for motors supplied from their system. At the 
present time, there is no standardization of these rules, each power com¬ 
pany having its own set of rules. Some of these rules limit the starting 
current on a basis of allowable percentage of full-load current of the 
motor. With one of the newer rules, which is called the increment 
method, the maximum starting current of any motor must not be greater 
than a certain number of amperes per kilowatt of maximum-demand 
load of the customer. 

133. The speed regulation of a motor is the percentage drop in speed 
between no load and full load based on the full-load speed. 


Per cent speed regulation 


no-load speed — full-load speed 
full-load speed 


X100 (3) 


134. Direct-current Motors. —All d-c motors must receive their 
excitation from some outside source of supply. Therefore, they are 
always separately excited. The interconnection of the field and armature 
windings may be made, however, in one of the three different ways 
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employed for self-excited, d-c generators. A d-c motor may be designed, 
therefore, to operate with its field connected in parallel or in series with 
its armature, producing, respectively, a shunt or series motor. If the 
machine is provided with two field windings, one connected shunt and 
the other series, it is a compound motor. The speed of a shunt motor 
connected directly to the line is nearly constant from no load to full 
load, while the speed of a series motor drops off rapidly as the load is 
increased. If a series motor were operated at no load with normal 
voltage, it would attain a dangerous speed, so high in most cases that it 
would throw itself apart by centrifugal force. A series motor should 
never be operated at no load, unless there is sufficient external resistance 
connected in series with the motor to limit its speed to a safe value. For 
this reason a belt drive should never be used with a series motor. 

Standard compound motors are designed to operate with the shunt 
and series fields connected so as to aid each other (cumulative). They, 
therefore, have operating characteristics that are a compromise between 
those of the shunt and series motors. Their speed drops off considerably 
as the load is increased, but not nearly so much as with the series motor. 
The compound motor will not run sway under no load. The amount of 
change of speed from no load to full load depends upon the strength of the 
series field. The stronger the series field is, the greater the change in 
speed from no load to full load. Special compound motors with their 
field windings connected so as to buck each other (differential) are used 
sometimes for special applications. If the series field is of just the proper 
strength, a differential compound motor will operate at a more constant 
speed than a shunt motor, but it tends to be unstable under overload 
conditions. 

136. Torque Characteristics of D-c Motors. —The torque developed 
by any one of the three types of d-c motors, either at starting or while 
running, depends upon the product of the magnetic flux and the armature 
current. Since in a shunt motor the flux is nearly constant at all times, 
the torque varies nearly directly with the value of the armature current. 
In a series motor the armature current flows directly through the field 
winding so that the flux is not constant but varies almost directly with 
the value of the armature current. The torque of a series motor, there¬ 
fore, varies approximately as the square of the armature current. Dou¬ 
bling the armature current will make the torque four times as great. The 
cumulative compound motor has a torque characteristic that is a com¬ 
promise between that of the series motor and that of the shunt motor. 
The torque will increase faster than the increase in armature current but 
not so fast as the square of the armature current. In just what way the 
torque varies with the armature current for a cumulative compound 
motor depends upon the relative strength of the series and shunt fields. 
The curves of Fig. 71 indicate the relation between torque and armature 
current for the different types of d-c motors. 
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The maximum value of starting torque that it is satisfactorily possible 
for any d-c motor to produce is limited only by the commutating con¬ 
ditions. This usually limits the current to approximately 200 per cent 
of full-load current for a shunt motor and 250 per cent of full-load current 
for a series or compound motor. The corresponding torques are approxi¬ 
mately 200 per cent of full-load torque for a shunt motor, 300 per cent for 
a compound motor, and 400 per cent for a series motor. 

There is no value of pull-out torque for a d-c motor. If the load on a 
d-c motor was continually increased, the motor would gradually slow 

down as the load in- 
creased, until finally 

150-— ^— the load would become 

B y , so great that the motor 

— would gradually stop. 

Of course, it would 

_never be feasible in 

practice to overload the 

-machine to such extent 

that it would stop, and 

_long before such a load 

was reached the fuses 

_in the circuit would 

blow. 

0 1111111111 136. Method of 
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Fig. 71.—Torque characteristics of d-c motors. „ „ _ ... ~ 

& Manufacturing Com¬ 
pany). —A d-c motor of any capacity, when its armature is at rest, 
offers a very low resistance to the flow of current, and an exces¬ 
sive and perhaps J destructive current would flow through it if it were 
connected directly across the supply mains while at rest. Consider 
a motor adapted to a normal full-load current of 100 amp. and having a 
resistance of 0.25 ohm; if this motor were connected across a 250-volt 
circuit, a current of 1,000 amp. would flow through its armature; in 
other words, it would be overloaded 900 per cent, with consequent 
danger to its windings and also to the driven machine. In the case of the 
same motor, with a rheostat having a resistance of 2.25 ohms inserted in 
the motor circuit, at the time of starting the total resistance to the flow 
of current would be the resistance of the motor (0.25 ohm) plus the 
resistance of the rheostat (2.25 ohms), or a total of 2.5 ohms. Under 
these conditions exactly full-load current, or 100 amp., would flow 
through the motor, and neither the motor nor the driven machine would 
be overstrained in starting. This indicates the necessity of a rheostat 
for limiting the flow of current in starting the motor from rest. 


PerCent Full Load Armature Current 
Fig. 71.—Torque characteristics of d-c motors. 
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An electric motor is simply an inverted generator or dynamo, conse¬ 
quently when its armature begins to revolve a voltage is generated within 
its windings just as a voltage is generated in the windings of a generator 
when driven by a prime mover. This voltage generated within the 
moving armature of a motor opposes the voltage of the circuit from 
which the motor is supplied, and hence is known as a counter-e.m.f. The 
net voltage tending to force current through the armature of a motor 
when the motor is running is, therefore, the line voltage minus the 
counter-e.m.f. 

In the case of the motor above cited, when the armature reaches such 
a speed that a voltage of 125 is generated within its windings, the effective 
voltage will be 250 minus 125, or 125 volts, and, therefore, the resistance 
of the rheostat may be reduced to 1 ohm without the full-load current of 
the motor being exceeded. As the armature further increases its speed, 
the resistance of the rheostat may be further reduced until, when the 
motor has almost reached full speed, all of the rheostat may be cut out, 
and the counter-e.m.f. generated by the motor will almost equal the 
voltage supplied by the line so that an excessive current cannot flow 
through the armature. 

It is general practice to provide a rheostat for starting a d-c electric 
motor, except for small fractional-horsepower motors of hp. or smaller. 
In special cases, when the motor is started very infrequently and the 
starting load is light, larger motors may be started by throwing them 
directly across the line. Motors as large as 5 hp. have been successfully 
started in this way but the manufacturer should be consulted whenever 
starting a motor larger than 1 hp. by this method is contemplated. The 
resistor providing the starting resistance is divided into sections and is so 
arranged that the entire length or maximum resistance of the rheostat is 
in circuit with the motor at the instant of starting and that the effective 
length of the resistance conductor, and hence its resistance, may be 
reduced as the motor comes up to speed. 

In cutting out the resistance of a starting rheostat care must be used 
not to cut it out too rapidly. If the resistance is cut out more rapidly 
than the armature can speed up, a sufficient counter-e.m.f. will not be 
generated to properly oppose the flow of current, and the current will be 
excessive. 

The standard starting rheostat, when thrown into the first position, 
limits the armature current to about 150 per cent of the full-load current. 
This current will produce a starting torque of about 150 per cent of full¬ 
load torque for a shunt motor, of about 175 per cent for a standard cumu¬ 
lative compound motor, and of about 225 per cent for a series machine. 
If greater starting torque is required, it can be obtained by advancing the 
starter to the second or third point. The allowable starting torque that 
can be obtained in this way is limited by commutating conditions to 
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about 200 per cent of full-load torque for a shunt motor, to 300 per cent 
for a compound motor, and to 400 per cent for a series motor. The 
currents corresponding to these maximum allowable torques are approxi¬ 
mately 200 per cent of full-load current for a shunt motor, 250 per cent of 
full-load current for a cumulative compound motor, and 250 per cent of 
full-load current for a series motor. 

187. The speed of a series motor for a given load may be controlled by 
inserting resistance in series with the machine, by shunting a resistance 
across the series field, or by shunting a resistance across the armature. 
The usual method of controlling the speed is by inserting resistance in 
series with the machine. Such a resistance reduces the voltage impressed 
upon the motor and, thereby, reduces the speed proportionally. Series 
motors controlled in this way are constant-torque machines, so that the 
allowable horsepower output will decrease proportionally to the decrease 
in speed. There is a large percentage loss of power in the rheostat, the 
loss being approximately proportional to the change in speed produced. 
However, since series motors requiring speed control are used chiefly for 
intermittent duty, the total loss of energy is not so great. If a resistance 
or rheostat is placed in parallel with the field of a series-wound motor the 
speed will be increased instead of decreased at a given load. This is 
known as shunting the field of the motor. This shunt would never be 
applied till the motor has been brought up to normal full speed by cutting 
out the starting resistance. With a “ shunted field ” a motor drives a load 
at a speed higher than normal and therefore requires a correspondingly 
increased current. With a shunted field more current is required to pro¬ 
duce a given torque. The allowable torque at speeds above normal is, 
therefore, less than the rated full-load torque. With this type of speed 
control the motor is practically a constant-horsepower machine, the 
allowable rating being practically the same for all speeds. If a resistance 
is placed in parallel with the armature of a series motor, the motor will 
operate at less than normal speed when all the starting resistance has been 
cut out. This connection is known as a “shunted armature connection” 
and is useful where a low speed is desired at light loads and is particularly 
useful in some cases where the load becomes a negative one, i.e. 7 where 
the load tends to overhaul the motor, as in lowering a heavy weight. The 
rating of a series motor employing shunted armature control would be on 
the basis of variable torque, variable horsepower. The allowable torque 
would decrease proportionally to the decrease in speed, and the horse¬ 
power rating would decrease proportionally to the square of the decrease 
in speed. 

188. Speed Control of Shunt-wound Motors. —A shunt-wound motor, 
unlike a series motor, when supplied with full voltage maintains prac¬ 
tically a constant speed regardless of variations in load within the limits 
of its capacity. It automatically acts like a steam engine having a very 
efficient governor. The speed of a shunt-wound motor may be decreased 
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below normal by a rheostatic controller in series with its armature and 
may be increased above normal by means of a rheostat in series with its 
field winding. The latter rheostat is known as a “field rheostat” and, to 
be effective, must have a high resistance owing to the small current which 
flows through the shunt-field winding. 

In most cases the field-control method is employed, since it is very 
efficient, and since the speed of the motor, when it is adjusted for any 
load, remains practically constant regardless of change in the load. The 
speed of any shunt motor may be increased approximately 25 per cent 
above normal by field control. Where greater speed range than this is 
required, a shunt motor designed for adjustable-speed service should be 
used. Adjustable-speed shunt motors may be obtained that are designed 
either for a constant-horsepower rating over the complete speed range or 
for a constant-torque rating. The allowable horsepower of a constant- 
torque-rated motor will vary proportionally with the speed. 

Any shunt motor may have its speed reduced below normal by means of 
armature control. With armature control, however, after the speed has 
been adjusted for any load, the speed does not remain constant as the 
load varies. The speed will vary considerably from no load to full load. 
The allowable torque will be constant so that the horsepower rating will 
decrease proportionally to the decrease in speed. Generally armature 
control is not employed unless a wider speed range is desired than can be 
obtained satisfactorily by means of field control. A speed range of 4 to 1 
is the practical limit for field control. 

Sometimes a combination of field and armature control is employed. 
A common combination is to employ armature control for reducing the 
speed to 50 per cent below normal and to use field control for increasing 
the speed to 25 per cent above normal. This method is used con¬ 
siderably for controlling the speed of standard constant-speed motors in 
machine-tool and fan applications. 

139. Objections to Armature Control (Crocker and Arendts, “Electric 
Motors”). (1) Bulk of Rheostat.—This may not be very objectionable 
if only a few motors are so controlled, but for a number the extra space 
becomes a factor, and in many cases it is difficult to find sufficient room 
near the motor. 

(2) Inefficiency of the System.—The same amount of power is supplied 
at all speeds, but at low speeds only a small part of it is converted into 
useful work, the balance being wasted in the rheostat as heat. 

(3) Poor Speed Regulation with Varying Loads. —Since the impressed 
voltage at the armature terminals is equal to the line voltage minus the 
resistance drop in the rheostat (V< — V — I a Rx), any change in the 
current drawn by the motor produces a change in the terminal voltage, 
the counter-e.m.f. and therefore the speed. 

140. Speed Control of Compound-wound Motors. —A compound- 
wound motor is a hybrid between a series and shunt-wound motor, and 
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its characteristics are likewise of a hybrid nature. A compound-wound 
motor will not “run away” under no load as will a series motor, but its 
speed decreases as the load increases, though not so rapidly as is the case 
with a series-wound motor. The characteristics of the compound-wound 
motor render it particularly valuable in cases where the load is subject to 
wide variation. It will give a strong torque in starting and driving heavy 
loads and at the same time will not race dangerously when the load is 
suddenly relieved. 

The speed of a compound-wound motor may be reduced below normal 
by means of a rheostat in the circuit of its armature. The speed may be 
increased above normal by shunting and even short-circuiting the series- 
field winding, and may be still further increased by means of a field 
rheostat in series with the shunt-field winding. 

141. Approximate Efficiencies of D-c Motors—Continuous Rated, 40°C. 

Rise 


Hp. 

Percentage efficiency 

Hp. 

Percentage efficiency 

One-half 

load 

Three- 
fou rths 
load 

Full 

load 

One-half 

load 

Three- 

fourths 

load 

Full 

load 

K 

62.0 

65.0 

68.0 

20 

82.0 

i 

85.0 

86.5 

H 

65.0 

70.0 

72.0 

25 

83.0 

86.0 

87.0 

l 

70.0 

73.0 

75.0 

30 

84.0 

87.0 

88.0 

IK 

72.0 

76.0 

78.0 

40 

85.0 

87.5 

88.5 

2 

72.0 

77.5 

81.0 

50 

85.5 

88.0 

89.5 

3 

72.0 

77.0 

79.0 

60 

85.5 

88.0 

90.0 

5 

77.0 

81.0 

81.5 

75 

86.0 

89.0 

90.5 

7K 

79.0 

82.0 

83.5 

100 

86.0 

89.0 

90.5 

10 

81.0 

83.0 

85.0 

125 

86.0 

89.0 

90.5 

15 

81.5 

84.5 

86.0 

150 

87.0 

90.0 

91.0 





200 

89.0 

91.5 

92.0 


142. General Construction' of Polyphase Induction Motors. —Poly¬ 
phase induction motors have two windings, one on the stationary part of 
the machine or stator, and one mounted on the revolving part or rotor. 
The stator winding is embedded in slots in the inner surface of the frame 
of the machine and is similar to the armature winding of a revolving-field 
type of a-c generator. The rotor winding may be one of two types: 
squirrel cage or wound rotor. In the case of a squirrel-cage machine the 
rotor winding consists simply of copper or aluminum bars embedded in 
slots in the iron core of the rotor and connected together at each end by 
means of a copper or aluminum ring. The rotor winding thus forms a 
complete closed circuit in itself. The rotor winding of the wound-rotor 
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machine is similar to the armature winding of a revolving-armature type 
of a-c generator. The free ends of the winding are brought out to slip 
rings. The rotor circuit is not closed until the slip rings are connected 
either directly together or through some resistances external to the 
machine. 

143. Principle of Operation of the Induction Motor. —The induction 
motor differs from other types of motors in the fact that there is no 
electrical connection from the rotor winding to any source of electrical 
energy. The necessary voltage and current in the rotor circuit are pro¬ 
duced by induction from the stator winding. The operation of the 
induction motor depends upon the production of a revolving magnetic 
field. The stator winding of a simple two-phase induction motor con¬ 
nected to a simple two-phase alternator is shown in Fig. 72. 



i n m 

First Position Second Position Third Position 


Fig. 72.—Illustrating the principle of the induction motor. 

Windings of the types shown in the illustration are not used in com¬ 
mercial machines, but the general theory involved is the same as with 
commercial windings. The revolving field (see illustration) of the 
generator, in turning in the direction shown by the arrow, generates a 
two-phase current, which is transmitted to the motor. The current, in 
conductors of one phase, magnetizes poles A and B , and that in the other 
phase the poles C and I). The winding is so arranged that a current 
entering at A will produce a south pole at A and a north pole at B. At 
the instant shown at I, the motor poles A and B are magnetized while 
poles C and D are not, because it is a property of a two-phase circuit that, 
when the current in one of the phases is at a maximum value, the current 
in the other phase is at a zero value. Hence, at this instant a magnetic 
field will be set up in the machine in a vertical direction, with a north pole 
at B and a south pole at A. 

At another later instant, represented at II, the currents in both of the 
phases are equal and in the same direction. The motor poles will be 
magnetized as shown. The currents in changing from their values in I 
to their values in II have moved the magnetic field through an angle of 
45 deg. toward the right. At the instant illustrated at III, because of 
the properties of two-phase currents there is no current in the phase of the 
conductors which are wound on poles A and 5, but the current in the 
phase of the conductors which magnetize poles C and D is a maximum. 



658 


AMERICAN ELECTRICIANS' HANDBOOK [Div. ft 


Hence, the magnetic field produced in the machine at instant III is in a 
horizontal direction with a south pole at C and a north pole at D. The 
magnetic field has been moved around another 45 deg. Similar action 
occurs during successive instants, and the magnetic held is caused to 
rotate continually in the same direction within the motor frame so long 
as the two-phase current is applied to the stator terminals. Thus, when 
the stator winding of a polyphase motor is connected to a source of poly¬ 
phase power, a revolving field is produced inside the machine. 

If a closed electric circuit such as the rotor winding of an induction 
motor is inserted in the machine, the revolving magnetic field will cut 
across the conductors of this winding and in that way produce a voltage 
in them. This voltage acting upon the closed rotor circuit will send a 
current through the different conductors of the rotor winding. The 
rotor conductors then will be carrying a current and lying in a magnetic 
field. Such a condition will produce a force upon the conductors of the 
rotor winding tending to turn them in the same direction as that in which 
the magnetic field is revolving. 

If the rotor winding was revolved at the same rate of speed as that at 
which the magnetic field revolves, there would be no relative motion 
between the field and the conductors of the rotor winding. Since there 
would be no relative motion, there would be no cutting of the magnetic 
field across the conductors, and therefore no voltage or current produced 
in the rotor winding. If there is no current in the rotor winding, there 
can be no torque produced, tending to keep the machine revolving. As 
the machine slows down, however, the magnetic field will revolve at a 
higher speed than the rotor, producing a relative motion between the 
magnetic field and the conductors of the rotor winding. This relative 
motion produces a cutting of the conductors by the flux, with the resultant 
voltage and current necessary to develop a turning effort upon the rotor. 
The operation of an induction motor depends upon a difference in speed 
between the revolving magnetic field and the actual speed of the machine 
or rotor. This difference in speed is called the slip of the motor. The 
rotor is said to slip a certain number of revolutions behind the revolving 
magnetic field. The greater the load on an induction motor, the more 
must the rotor slip behind the revolving magnetic field in order to produce 
a greater cutting of the flux by the rotor conductors, with the resulting 
greater current in the rotor and greater turning effort to carry the greater 
load. Even at no load an induction motor cannot revolve as fast as the 
magnetic field revolves, since enough torque must be developed to over¬ 
come the friction and other losses in the motor. 

144. Synchronous speed of an induction motor is the speed at which its 
magnetic field revolves. It depends upon the number of poles for which 
the stator is wound and the frequency of the supply voltage. 

Synchronous speed = (4) 
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where / * frequency of supply; P * the number of poles per phase for 
which the stator is wound; and synchronous speed is in r.p.m. 

145. The slip of an induction motor is the ratio of the difference 
between the rotating magnetic-field speed (r.p.m. or angular velocity) 
and the actual rotor speed to the rotating magnetic-field speed. The 
speed of the rotating magnetic field is equivalent to the synchronous 
speed of the machine (see table of synchronous speeds elsewhere in this 
section) which is determined by the frequency of the current and the 
number of poles of the machine (Sec. 144). Then 


Slip in r.p.m. = synchronous speed — actual speed (5) 

-*■> , .. synchronous speed — actual speed w v 

Per cent slip » —--j--- X 100 (5a) 

synchronous speed 

When there is no load on a motor the slip is very small, i.e ., the rotor 
speed is practically equal to the synchronous speed. Slip varies with the 
design of a motor and may vary from 4.0 to 8.5 per cent at full load in 
motors of from 1 to 75 hp. of ordinary design. 


Example.— What is the slip at full load of a four-pole, 60-cycle induction motor 
which has a full-load speed of 1,700 r.p.m.? 

Solution .—From Table 97 or See. 144 the Rpeed of the rotating field or the synchronous 
speed of a four-pole, 60-cycle motor is 1,800 r.p.m. Then, substituting in the above 
formula 


Per cent slip 


synchronous speed — actual speed ^ _ 1,800 — 1,700 _ 

synchronous speed * 1UU “ 1,800 X 1UU “ 

100 

ilioo x 100 “ 5,5 per oent 


Therefore the slip is 5.5 per cent. The voltage of the motor or whether it is single-phase, 
two-phase, or three-phase are not factors in the problem. 


146. The Breakdown Torque of an Induction Motor. —Most induction 
motors will “breakdown ’ 9 at some certain torque if they are overloaded. 
The “breakdown” limit—the maximum running torque that can be 
developed—is that point at which further increase in load will cause the 
motor speed to decrease rapidly and then to stop. This point is usually 
at between two and four times the full-load rated torque, depending on 
the design and the capacity of the motor. In a few cases there is no 
breakdown torque, the maximum torque occurring at standstill. Under 
these conditions there will be no sudden decrease in the speed as the load 
is increased. The speed will gradually decrease as load is increased until 
standstill is reached. 

147. General Operating Characteristics of Induction Motors. —The 
following rules, though somewhat approximate, are accurate enough for 
practical use under the normal range of operation of an induction motor 
from no load to 150 per cent of rated load. 

The slip of an induction motor varies directly with the load. Doubling 
of the load will double the slip. 

For any given load the slip varies directly with the resistance of the 
rotor circuit. If the resistance of the rotor circuit is doubled, the slip 
for the same load will be twice its original value. 
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For any load the slip varies inversely as the square of the voltage 
impressed on the stator winding. If the voltage is reduced to one-half 
of its normal value, the slip is increased to four times its normal value for 
any load. 

The torque developed by an induction motor varies directly with the 
slip. 

The torque developed at any particular slip varies inversely with the 
resistance of the rotor circuit. 

The torque for any particular slip varies directly as the square of the 
voltage impressed on the stator. 

The maximum torque is not affected by the resistance of the rotor 
circuit. A large value of resistance for the rotor circuit simply makes the 
maximum torque occur at a high slip. 

The maximum torque varies directly with the square of the voltage 
impressed on the stator circuit. 

148. Starting Characteristics of Induction Motors. —The starting 
torque varies directly with the square of the voltage impressed on the 
stator. If three-fourths of normal voltage is impressed at starting, the 
starting torque will be equal to only nine-sixteenths of the torque devel¬ 
oped with normal voltage impressed at starting. 

The value of the starting torque of an induction motor also depends 
upon the value of the resistance of the rotor circuit. As the resistance 
of the rotor circuit is increased, the starting torque is increased until the 
resistance of the rotor circuit is of just the right value to make the maxi¬ 
mum torque occur at starting. If the resistance of the rotor circuit is 
still further increased, the starting torque will be decreased. Thus, there 
is a certain value of rotor resistance that will produce maximum starting 
torque, either a greater or smaller value of rotor resistance than this 
amount producing less starting torque (see Fig. 75). 

The current taken at starting by an induction motor depends upon the 
voltage impressed on the stator and the resistance of the rotor circuit. 
For a fixed rotor resistance the starting current varies directly with the 
impressed voltage. For a particular impressed voltage, increasing the 
resistance of the rotor circuit decreases the value of the starting current. 

149. Characteristic Curves of the Induction Motor. —The curves of 
Fig. 73 are fairly typical of the average normal-torque, normal-starting- 
current, commercial induction motor. It will be noted that the normal 
rating of the motor is taken at such a point that both the power factor 
and the efficiency are the highest possible. The motor could be so 
designed that either the power factor or the efficiency, but not both, 
could be higher than shown at normal load, but the design of an induction 
motor is a compromise between the leading factors resulting in the best 
efficiency and power factor obtainable with suitable overload and starting 
characteristic? 



Div. 5] 


GENERATORS AND MOTORS 


661 


The characteristics of a polyphase induction motor running single-phase 
are shown in Fig. 74. In Fig. 76 is shown the speed-torque characteristic 
of a polyphase induction motor running single phase. A It will be noted 
that the starting torque when operated single phase is"zero. A polyphase 
induction motor will not start when connected to a single-phase supply. 
If it is once started, however, it will operate from a single-phase supply 
and carry approximately half rated load without overheating. 



Horseoower Outout. 


Fig. 73.—Typical perform¬ 
ance graphs of a 20-hp., three- 
phase induction motor. 



Fig. 76.—Torque graphs of a 
30-hp. induction motor. 



Fig. 74.—Performance 
graphs of the motor shown 
in Fig. 73, when running 
single-phase. 



Fig. 76.^-Torque graphs of 
a l-hp. f three-phase induction 
motor, running single-phase. 


160. The torque curves of an induction motor with a wound rotor, 

from rest to synchronism, running both three phase and single phase with 
resistance and without resistance, are shown in Fig. 75. The curves 
are plotted with torque in pounds at 1 ft. radius. Curve A shows 
the torque from rest to synchronism without resistance in the rotor 
circuit. If resistance is inserted, curve B is obtained, and the starting 
torque is 440 lb. against 170 lb. without resistance. Curve C indicates 
the torque where too much resistance is used in the rotor. Curve E 
illustrates the torque for single phase, which is zero at starting. An 
induction motor starts as shown on curve B until it reaches the point F x 
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when the resistance is cut out and the motor adjusts itBelf to its operating 
position at G . Thus, if the torque required of the motor for which the 
curve is shown is greater than 440 lb., shown at H , the motor will break 
down and come to rest. With the resistance in the rotor, a starting 
torque of 440 lb. is available, but this load cannot be brought up to normal 
speed. The motor can bring only the torque represented by the point F, 
in other words 290 lb., up to normal speed. 

In Fig. 75 it will be noted that the torque of a three-phase motor rises 
to a maximum and then drops, reaching zero at synchronism. This 
means that an induction motor never runs at synchronous speejJ**- 

151. Speed Control of Induction Motors. —It is possible to control the 
speed of an induction motor by any one of the following methods: 

1. Changing impressed voltage. 

2. Changing number of poles for which the machine is wound. 

3. Changing the frequency of the supply. 

4. Changing the resistance of the rotor circuit. 

5. Introducing a foreign voltage into the secondary circuit. 

6. Operating two or more motors connected in cascade. 

152. Reducing the impressed voltage will increase the slip of an induc¬ 
tion motor proportionally to the square of the voltage. At the same 
time, however, the breakdown torque of the motor is also reduced as the 
square of the voltage, so that there is danger of the motor stalling under 
load. For this reason, changing the impressed voltage is employed for 
the speed control of induction motors only in emergencies or other 
special cases. 

153. Speed Control of Induction Motors by Changing the Number of 
Poles. —The actual speed of an induction motor depends upon the 
speed of the revolving magnetic field produced by the stator winding 
(synchronous speed). The synchronous speed of an induction motor is 
inversely proportional to the number of poles for which the stator winding 
is wound. Thus, on a 60-cycle circuit a two-pole induction motor has a 
synchronous speed of 3,600 r.p.m.; a four-pole motor, 1,800 r.p.m.; an 
eight-pole motor, 900 r.p.m.; etc. It is, therefore, possible to. alter the 
speed of an induction motor by changing the number of its poles. 

This can be accomplished by using two or more separate primary 
windings, each having a different number of poles, or by using a single 
winding which can be connected so as to form different numbers of poles. 
This method is, of course, not applicable to the ordinary type of induction 
motor but requires a motor with a number of leads brought out from the 
primary winding (see Multispeed motors, Sec. 165). Gradual speed con¬ 
trol cannot be obtained by this method. Only a certain number of 
definite speeds, four at the most, can be obtained. 

154. Speed Control of a Polyphase Motor by Adjusting the Frequency 
of the Primary Current. —Since the synchronous speed of an induction 
motor is equal to the alternations per minute of the supply circuit divided 
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by the number of poles in each phase circuit, a change in speed can be 
effected by changing the frequency of the supply circuit. 

Figure 77 shows the speed-torque and other curves of a 60-cycle motor 
when operated at 60, 30, 15, and 6 cycles, or at 100, 50, 25, and 10 per 
cent of the normal frequency. The speed-torque curves corresponding to 
the above frequencies are o, b , c, and d. The current curves are A, B, C, 
and D, This figure shows that for the rated torque T the current is 
practically constant for all speeds, but the e.m.f. varies with the fre¬ 
quency. Consequently, the apparent power supplied, represented by the 
product of the current by e.m.f., varies with the speed of the motor and 
is practically propor¬ 
tionate to the power 
developed. 

In a few cases, 
where only one motor 
is operated, the gen¬ 
erator speed can be 
varied. If t he gener¬ 
ator is driven by a 
water wheel, its speed 
can be varied over a 
wide range, and the 
motor speed will also 



vary. If the genera¬ 
tor field is held at 
practically constant 


Fig. 77.—Performance graphs of a polyphase 
induction motor with different applied frequencies 
and different applied electromotive forces. 


strength, then the motor speed can be varied from zero to a maximum at 


constant torque with a practically constant current. 


Controlling the speed of an induction motor by changing the frequency 
of the supply requires a separate generator for each motor. This method 
is, therefore, not feasible for ordinary speed-control applications. It is 
sometimes employed in special cases for the control of large units requiring 


very fine speed control. 

165, Speed Control of Induction Motors by Adjusting the Resistance 
of the Secondary Circuit. —Inserting resistance in series with the rotor of 
an induction motor will decrease the speed of the motor. The amount 


of decrease in speed produced will depend upon the load on the motor. 
It is not possible to produce much change in speed by this method at light 
loads. This method of speed control is of course only applicable to 
wound-rotor motors. Speed control by adjusting the resistance of the 
rotor circuit has two drawbacks. After the speed has been adjusted for 
any load, the speed does not remain constant with change in load. With 
external resistance in series with the rotor, the motor has a varying speed 
characteristic. Considerable power is wasted in the external resistance 
required for changing the speed. The amount of power wasted depends 
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upon the value of the external resistance. The efficiency of the motor is 
thus decreased approximately proportionally to the reduction in speed. 

Speed control by means of adjustable secondary resistance is, however, 
very useful where constant speeds are not essential, for example, in 
operating cranes, hoists, elevators, and dredges and also for service in 
which the torque remains constant at each speed, as in driving fans, 
blowers, and centrifugal pumps. In service where reduced speeds are 
required only occasionally and where speed variation is not objectionable, 
this method of control can also be used to good advantage. On account 
of energy loss in the resistors, the efficiency is reduced when operating at 
reduced speeds, this reduction being greatest at the slowest speeds. The 
circuits are essentially the same as for starting by varying resistance in 
the rotor circuit, as shown in Fig. 147J3. The rotor usually has a Y-con- 
nected winding to which is connected, in series in each phase, an external 
resistance (Fig. 1471?). By moving the adjustable arm, the amount of 
resistance in series in each phase can be varied from a maximum to zero 
and the speed varied gradually from the highest speed to the lowest. 

156. Speed Control of Induction Motors by Introduction of a Foreign 
Voltage into the Secondary Circuit.—If a foreign voltage is introduced 
into the secondary circuit of an induction motor, it will alter the speed 
of the motor. If this foreign voltage acts in a direction opposite to that 
of the voltage induced in the secondary circuit, the speed of the motor 
will be reduced. If the foreign voltage acts in the same direction as the 
voltage induced in the secondary circuit, the speed of the motor will be 
increased. With this method of speed control it is possible to obtain 
speeds both above and below the synchronous speed of the motor. Speed 
control by the introduction of a foreign voltage into the secondary circuit 
has two advantages. No power is wasted in resistance, and the speed 
is practically constant for all loads with the same value of foreign voltage 
introduced. 

The brush-shifting and polyspeed types of polyphase induction motors, 
as explained in Sec. 169, employ the foreign-voltage method of speed 
control. Where the operating characteristics of these motors are 
applicable, these motors provide a very efficient means of obtaining 
adjustable speed for a-c installations. 

There are other methods of obtaining speed control by the foreign- 
voltage method, but all of them require the use of additional revolving 
machines besides the motor itself. Their use is not feasible for ordinary 
applications. They are employed in special cases for the speed control 
of large motors. 

157. Speed control of polyphase motors by operating two or more 
motors connected in cascade offers, under some conditions of service, 
the most convenient and economical method of speed variation. In this 
arrangement all the rotors are mounted on one shaft, or the several shafts 
are rigidly connected. The primary of the first motor is connected to the 
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line; its secondary, which must be of the phase-wound, slip-ring type, is 
connected to the primary of the second motor; and so on. The secondary 
of the last motor can be of either the squirrel-cage or the phase-wound 
type. In practice more than two motors are rarely used. The arrange¬ 
ment is shown in Fig. 78. 

Speed changes are obtained by varying the connections of the motors, 
the following combinations being possible with two motors: each motor 
can be operated separately at its normal speed with its primary connected 
to the line, the other motor running idle; the motors can be connected in 
cascade so that the rotors tend to start in the same direction (direct 
concatenation); or the motors can be connected so that the rotors tend to 
start in opposite directions (differential concatenation). If the first 



Fig. 78.—Two polyphase motors connected in cascade. 


motor has 12 poles and the second 4, the following synchronous speeds 
can be obtained on a 25-cycle circuit: 

(1) Motor II (four poles) running single, 750 r.p.m.; (2) motors in 
differential concatenation (equivalent of eight poles), 375 r.p.m.; (3) 
motor I (12 poles) running single, 250 r.p.m.; (4) motors in direct con¬ 
catenation (equivalent of 16 poles), 187.5 r.p.m. By the use of adjust¬ 
able resistance in the secondary circuits, changes from one speed to the 
next can be made with uniform gradations. 

A great number of speed combinations are possible by the use of this 
method; the control is simple and safe, as few leads are required and main 
circuits are not opened for most of the speeds. The rotors can be made 
with smaller diameters than is possible with other multispeed motors; 
hence the flywheel effect is reduced to a minimum. In general, a cascade 
set is applicable where speed changes must be frequently made with high 
horsepower output and primary voltage, and where the speed ratios are 
other than 1:2. 

158. Application of the Methods of Speed Control of Induction Motors. 
From the discussion in the preceding sections it is apparent that the 
ordinary squirrel-cage induction motor is not suitable for common adjust¬ 
able-speed application. When a few definite speeds will be satisfactory, 
the multispeed motor may be employed. In special cases, squirrel-cage 
motors which have their speed controlled by a change in the frequency of 
the supply may be advisable. Therefore, when speed control is required 
on polyphase a-c systems, either the wound-rotor motor with variable 
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external resistance in the rotor circuit or the brush-shifting type of motor 
must be employed, except for special applications. 

159. The normal-torque, normal-starting-current motor is the old 
standard type of squirrel-cage induction motor. It is a constant-speed 
machine with a slip of from 2 to 5 per cent at full load. It is not adapted 
for speed-control service. The starting torques with rated voltage 
applied are at least as great as the following percentages of full-load 
torque: 


Motor poles 

Percentage of full- 
load torque 

Motor poles 

Percentage of full¬ 
load torque 

2 

150 

10 

120 

4 

150 

12 

115 

6 

135 

14 

110 

8 

125 

16 

105 


The blocked-rotor starting currents with rated voltage applied vary 
from 500 to 1,000 per cent of full-load current, the smaller values being 
for motors with the larger number of poles. 

The full-voltage starting currents of motors of 5 hp. and smaller will be 
within the limitations of most power companies, so they are generally 
started directly across the line. Motors of larger size than 5 hp. will have 
full-voltage starting currents that will not be within the limitations of 
many power companies and in the majority of cases are started with 
reduced voltage. This type of squirrel-cage motor has better all-round 
performance than any of the other types having slightly better efficiency, 
regulation, breakdown torque, and power-factor characteristics. For 
normal-torque, squirrel-cage, induction-motor applications, the normal- 
torque, normal-starting-current type of motor should always be used 
when it is permissible to start it directly across the line. Whenever 
reduced voltage starting is required regardless of the type of induction 
motor employed, the normal-torque, normal-starting-current type should 
be used whenever it will .produce sufficient starting torque under the 
required limitations of starting current. 

The breakdown torques are from 200 to 250 per cent of full-load 
torque. 

160. The normal-torque, low-starting-current, squirrel-cage motor 

is so designed that its rotor has a high reactance and resistance at start but 
nearly normal reactance and resistance under running conditions. This 
enables this type of motor to produce approximately the same starting 
torque for a given voltage as the normal-torque, normal-starting-current 
motor but with a much smaller value of starting current. 

The running performance will be very nearly but not quite so good as 
that of the normal-torque, normal-starting-current type, the efficiency, 
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power factor, and breakdown torque being slightly less and the speed 
regulation slightly larger. The breakdown torques vary from 200 to 225 
per cent of full-load torque. The blocked-rotor starting current with 
rated voltage applied will be approximately 500 to 550 per cent of the 
full-load currents. The full-voltage starting currents of motors of 30 hp. 
and smaller will be within the limitations of most power companies, so 
they are generally started directly across the line. Motors of larger size 
than 30 hp. will have full-voltage starting currents that will not be within 
the limitations of many power companies and therefore frequently must 
be started with reduced voltage. 

161. Low-torque low-starting-current, squirrel-cage motors are made 
by some manufacturers in sizes 40 hp. and larger. Above 30 hp. the full- 
voltage starting current of the normal-torque, low-starting-current type of 
motor exceeds the limitations of many power companies. By designing a 
motor for a lower starting torque, however, it is possible to build motors 
of larger size that will meet these starting-current limitations. The full- 
voltage starting torque of these motors varies from 50 to 100 per cent of 
full-load torque. The full-voltage starting currents will vary from 350 to 
550 per cent of the full-load current. The breakdown torques will vary 
from 125 to 175 per cent of full-load torque. The full-voltage starting 
currents of these motors will be within the limitations of most power 
companies. They would not be used if reduced-voltage starting were 
required. This motor should be used only for drives which are started 
with light loads, such as motor generator sets, fans, and centrifugal 
pumps. 

162. High-torque low-starting-current, squirrel-cage induction motors 

are usually constructed with two squirrel-cage windings on the rotor, 
located one above the other in the rotor slots. During the starting period 
most of the current is carried by the top winding, which has a high resist¬ 
ance. This enables the motor to produce a larger starting torque with 
about the same value of starting current as the normal-torque, low- 
starting-current type of motor. After the motor has come up to speed, 
the two windings are equally effective in carrying the rotor current, and 
its operating characteristics are similar to those of the normal-torque, 
low-starting-current type of motor. 

The blocked-rotor starting currents with rated voltage applied will be 
approximately 500 to 550 per cent of the full-load currents. The full- 
voltage starting current of motors of 30 hp. and smaller will be within the 
limitations of most power companies, so that they are generally started 
directly across the line. Motors of larger size than 30 hp. will have full- 
voltage starting currents that will not be within the limitations of many 
power companies and therefore frequently must be started with reduced 
voltage. The starting torques with rated voltage impressed vary from 
200 to 275 per cent of full-load torque. The breakdown torques vary 
from 200 to 250 per cent of full-load torque. 
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163. The high-resistance-rotor type of squirrel-cage motor, owing to 
the high resistance of its rotor winding, produces a high starting torque 
with a low value of starting current. 

They are made in two general types, which may be classified as medium 
slip and high slip. The medium-slip motors have full-load slips from 7 to 
11 per cent while the high-slip machines have full-load slips from 12 to 
17 per cent. The medium-slip motors are suitable for driving punch 
presses, shears, bulldozers, and other heavy-inertia machinery which 
operates under heavy, fluctuating-load conditions and which is either 
provided with flywheels or has flywheel effect. These motors have full- 
voltage starting torques of from 300 to 400 per cent of full-load torque and 
full-voltage starting currents of from 400 to 800 per cent of full-load 
current. The maximum torque of the motor occurs at standstill, so that 
there is no noticeable breakdown torque. The full-voltage starting 
currents are within the limitations of most power companies. Reduced- 
voltage starting would not as a rule be satisfactory, owing to the nature 
of their application. 

The high-slip motors are designed for meeting the requirements of 
elevator drive and small cranes and hoists. These motors have full- 
voltage starting torques of from 225 to 250 per cent of full-load torque and 
full-voltage starting currents of from 300 to 500 per cent of full-load 
current. Their full-voltage starting currents will meet the limitations of 
practically all power companies. Like the medium-slip motors they have 
no breakdown torque. Owing to the nature of their application, reduced- 
voltage starting would not be satisfactory. 

164. Automatic-start induction motors are so arranged that they start 
with a high-resistance rotor and, after coming up to speed, are auto¬ 
matically changed to have a low-resistance rotor. At start approxi¬ 
mately one-third of the rotor copper is in service. 

They are made in two types. In one type the machine is of generally 
normal construction but with two rotor windings, one of high resist¬ 
ance and the other of low resistance. At standstill the low-resistance 
rotor winding is open-circuited so that only the high-resistance winding 
is in service. As the motor speeds up, a centrifugal device short-circuits 
the low-resistance winding so that both windings are in service. 

In the other type of motor the primary winding is located on the rotor. 
There are two secondary windings located on the stator, one of high 
resistance and the other of low resistance. The functioning of the two 
windings is controlled by magnetic switches so that there is no centrifugal 
device. The low-resistance winding is of the wound type, and the high- 
resistance one is a squirrel-cage winding. In starting, a magnetic con¬ 
tactor connects the primary to the line, with the low-resistance winding 
open-circuited. After a certain lapse of time, a second contactor closes, 
short-circuiting the low resistance winding. 
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These automatic-start motors are started on full voltage and have 
starting torques from 225 to 250 per cent of full-load torque, with starting 
currents from 350 to 375 per cent of full-load current. Their breakdown 
torques vary from 200 to 250 per cent of full-load torque and they have 
pull-in torques of from 150 to 200 per cent of full-load torque. They are 
suitable for high-starting-torque duty where the starting periods are not 
too frequent or of too long duration, such as compressors and air-con¬ 
ditioning-equipment service. They can be used in many places where 
the power company will not allow the starting currents drawn by the 
high-torque, low-starting-current motors when thrown directly across the 
line. 

165. Multispeed induction motors are squirrel-cage induction motors 
constructed so that the number of poles for which the stator is wound 
may be altered. Since the speed of an induction motor depends upon 
the number of poles for which the stator is wound, changing the number 
of poles will alter the speed of the motor. The change in the number of 
poles is produced either by means of entirely separate windings or by 
changing the interconnections of the different parts of a single winding. 
In either case the necessary leads are brought out from the stator winding 
to a drum controller through which the necessary change in connections 
is made. A gradual speed control is not possible with the multispeed 
motor. Motors of this type which may be operated at two, three, or four 
different speeds may be obtained. Four different speeds is the maximum 
number for which it is feasible to construct multispeed induction motors. 
To design and construct a machine for more than four speeds would 
require too many complications in the wiring. 

Multispeed induction motors have a practically constant speed from 
no load to full load for each one of their rated speed connections. 

Multispeed induction motors are available in all the following types: 

1. Normal torque, normal starting current. 

2. Normal torque, low starting current. 

3. High torque, low starting current. 

4. Low torque, low starting current. 

5. High resistance medium or high slip. 

Multispeed induction motors may be designed and rated for constant- 
torque service, constant-horsepower service, or varying-torque, varying- 
horsepower service. The allowable rating of the constant-torque motors 
varies directly with the speed. The constant-horsepower motors have 
the same rated horsepower for all speeds. With the varying-torque, 
varying-horsepower motors the full-load rated torque varies directly with 
the speed. The horsepower rating of these machines, therefore, varies 
as the square of the speed. 

166. Wound-rotor induction motors, when operated with no external 
resistance in the rotor circuit and with the slip rings short-circuited, have 
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operating characteristics similar to those of the normal-torque, normal- 
starting-current, squirrel-cage machine. By inserting external resistance 
in the rotor circuit, the speed of the motor may be controlled. With load 
on the motor the speed may be controlled over a wide range. At no load 
and with light loads on the motor, it is possible to obtain only slight 
changes in the speed. When the speed is adjusted for any particular 
load, the speed does not stay constant as the load varies, but decreases 
considerably as the load increases. The amount that the speed drops off 
from no load to full load depends upon the amount of external resistance 
in the rotor circuit; the greater the resistance the greater the speed 
change. The characteristics of the wound-rotor motor operating with 
external resistance in the rotor circuit are similar to those for a d-c motor 
with armature control. Considerable energy is lost in the external 
resistance, the efficiency of the motor being reduced approximately in 
proportion to the reduction in speed produced. Wound-rotor motors 
are started by throwing the stator directly across the line with external 
resistance in the rotor circuit. The value of the starting torque devel¬ 
oped and the corresponding starting current depends upon the amount of 
external resistance in the rotor circuit (see Secs. 148 and 150). The 
breakdown torque of a wound-rotor motor is from 200 to 275 per cent of 
full-load torque. With the proper amount of external resistance in the 
rotor to produce maximum torque at standstill the starting current will 
be from 250 to 300 per cent of the full-load current. The maximum value 
of the starting torque will be from 200 to 275 per cent of full-load torque. 

Wound-rotor motors with speed control are constant-torque machines, 
the horsepower decreasing in proportion to the decrease in speed. 

167. Average Efficiencies and Power Factors for Polyphase Wound-rotor 
Induction Motors (with Rotor Short-circuited) 




Efficiency 


Power factor 

Hp. 

One-half 

Threp- 

Full 

One-half 

Threc- 

Full 


load 

load 

load 

load 

load 

load 

2 

71.0 

75.0 

75.5 

- 40 

52 

60 

3 

73.0 

78.0 

70.0 

50 

68 

70 

5 

78.0 

80.0 

80.5 

60 

75 

77 

7>a 

78.5 

81.0 

81.5 

65 

75 

78 

10 

80.0 

82.0 

82.5 

65 

75 

79 

15 

80.0 

82.0 

82.5 

65 

75 

79 

20 

84.0 

85.5 

86.0 

70 

76.5 

81 

25 

86.0 

88.0 

88.0 

70 

77 

81 

30 

86.0 

88.0 

88.0 

72 

78 

82 

40 

86.0 

88.0 

88.0 

72* 

78 ' 

82 

50 

86.0 

88.0 

88.0 

78 

84 

86 

60 

86.5 

88.5 

88.5 

79 

85 

88 

75 

88.0 

88.0 

88.8 

82 

87 

89 
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168. Average Efficiencies and Power Factors for Polyphase Squirrel-cage 
Induction Motors 


Hp. 

Efficiency 

Power factor 

One-half 

load 

Three- 

fourths 

load 

Full 

load 

One-half 

load 

Three- j 
fourths 
load 

Full 

load 

Jz 

00.0 

07.0 

09.0 

45 

56 

65 

U 

04.0 

08.0 

69.0 - 

48 

58 

65 

t 

75.0 

77.0 

70.0 

57 

69 

76 

va 

75.0 

77.0 

78.0 

64 

76 

81 

2 

77.0 

80.0 

81.0 

68 

79 

84 

3 

80.0 

82.0 

81.0 

70 

80 

84 

r> 

80.0 

82.0 

82.0 

76 

83 

86 

7H 

83.0 

85.0 

85.0 

77 

84 

87 

10 

83.0 

85.0 

85.0 

77 

86 

88 

1.1 

84.0 

80.0 

88.0 

81 

85 

87 

20 

87.0 

88.0 

87.0 

82 

86 

87 

25 

87.0 

88.0 

87.5 

82 

86 

87 

30 

87.5 

88.5 

88.0 

83 

1 86.5 

87 

40 

87.5 

89.0 

89.5 

84 

87 

88 

50 

87.5 

89.0 

89.5 

84 

87 

88 

00 

88.0 

89.5 

89.0 

84 

87 

88 

75 

88.5 

89.5 

89.5 

84 

87 

88 

100 

89.0 

90.0 

90.5 

84 

88 

88 

125 

90.0 

90.5 

91.0 

84 

88 

89 

150 

90.0 

91.5 

92.0 

84 

88 

89 

200 

90.0 

91.5 

92.0 

85 

89 

90 

250 

91.0 

92.5 

93.0 

84 

89 

90 

300 

92.0 

93.5 

94.0 

84 

89 

90 


169. In the commutator brush-shifting type of polyphase induction 
motor the relative location of the two windings is reversed from that of 
the ordinary induction motor. The primary winding, the winding that 
is connected to the supply, is located on the rotor. The secondary 
winding is placed in the stator slots. In addition to the primary winding 
the rotor carries a second winding which is connected to a commutator 
in the same manner as in a d-e motor. The two ends of each phase of the 
secondary winding (the stationary winding) are connected to two brushes 
bearing upon the commutator. The arrangement and connection of the 
windings are indicated in Fig. 79. The position of the two brushes ot 
each phase may be shifted by means of a handwheel. When the hand- 
wheel is adjusted so that the brushes of each phase are on the same com¬ 
mutator segment, the secondary winding is short-circuited, and the motor 
operates like a squirrel-cage machine. As the brushes are moved apart 
a section of the adjusting winding is placed in series with the secondary 
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winding. This impresses upon the secondary an additional voltage to the 
one induced in it by the revolving magnetic field. If the brushes are 
moved in one direction, the voltage impressed by the adjusting winding 
will oppose the normal induced voltage. Such a shift of the brushes 
will, therefore, reduce the speed of the machine. A shifting of the 
brushes in the opposite direction causes the voltage from the adjusting 
winding to aid the normal induced voltage in the secondary and thus 
increases the speed of the motor. These machines are designed to give 
a speed range of 3:1. The highest speed is approximately 40 per cent 

above synchronous speed, 
and the lowest speed is 
approximately 60 per cent 
below synchronous speed. 
The decrease in speed 
from no load to full load is 
from 5 to 10 per cent at 
the high speeds, and from 
15 to 25 per cent at the 
low speeds. Very low 
creeping speeds can be ob¬ 
tained by inserting resist¬ 
ance in the rotor circuit. 

These brush-shifting 
motors are rated on a con¬ 
stant-torque basis so that 
the horsepower rating de¬ 
creases with the speed. 
The breakdown torque at 
low speeds is from 140 to 
250 per cent of full-load torque. The breakdown torque increases some¬ 
what with the speed so that at the high speed it is from 300 to 400 per 
cent of normal torque. 

These motors are started by connecting the primary directly to the 
line with the brushes in the low-speed position. In this way they will 
develop a starting torque of from 140 to 150 per cent of full-load torque 
with a starting current of from 125 to 175 per cent of full-load current 
for the maximum horsepower rating. In some special cases, resistance is 
connected in series with the secondary for starting. 

170. The polyspeed induction motor (Fig. 80) has a stator winding 
similar to that of an ordinary three-phase induction motor. This wind¬ 
ing is connected through a switch directly to the power supply and 
requires no adjustment. The rotor has a single winding connected to a 
commutator similar to a d-c armature winding. The commutator is 
fitted with three sets of brushes per pair of poles. The brushes are con¬ 
nected to the secondary terminals of an open delta-connected induction 



Fig. 79.— Diagram of commutator type 
of polyphase induction motor. {General Elec¬ 
tric Co.) 
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regulator, wjiich has its primary connected to the three-phase power 
supply (see Fig. 81). When the motor is operating, the voltage induced 
in the rotor winding between sets of brushes per pole will be an a-c voltage 
of power-supply frequency. Speed is controlled by the method of intro¬ 
ducing a foreign voltage into the secondary or rotor circuit. This 
foreign voltage is obtained from the secondary of the induction regulator. 
By adjusting the handwheel on top of the regulator the position of the 
secondary windings of the regulator can be adjusted with respect to 
the regulator primary coils. By this means the secondary voltage of the 
regulator can be adjusted from zero to maximum and made either to buck 
or aid the voltage induced in the rotor of the motor. Thus, any speed 
from zero to 150 per cent of synchronous speed can be obtained without 



Motor Regulator 


Fig. 80.—Polyspeed induction motor. Fig. 81. Diagiam foi polyspeed 
(Croo her-Wheeler Electric Manufacturing induction motor. 

Co.) 

rheostatic losses. There are some losses in the windings of the regulator 
so that the efficiency is somewhat less than for the ordinary induction 
motor. Although the speed can be reduced to zero, the motor cannot be 
operated continuously at speeds below 50 per cent of synchronous speed 
unless some external source of cooling is provided. The decrease in 
speed from no load to full load is approximately 10 per cent (180 r.p.m.) 
at the high speed and approximately 40 per cent (400 r.p.m.) at the low 
speed. 

These polyspeed motors are rated on a constant-torque basis. The 
horsepower is therefore directly proportional to the speed. The rated 
horsepower as given by the manufacturers is for the highest speed. 
These motors may be started in all cases by connecting the stator 
directly across the supply with the regulator set in the minimum-speed 
position. The voltage from the regulator will then be opposing the volt¬ 
age induced in the rotor, and the starting current drawn from the line 
will be low. If there is considerable load on the motor, it may not start 
when thrown on the line in this manner. The speed regulator should 
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then be moved slowly toward the higher speed positions until sufficient 
torque is developed to start the motor. The rate at which the motor 
accelerates and the current drawn from the line during the starting 
period depend upon the rapidity with which the speed regulator is moved 
over toward the higher speed positions. A starting torque equal to 
full-load torque will be developed with a little more than full-load current 
drawn from the line. A maximum starting torque of from 300 to 400 per 
cent of full load can be developed. The setting of the brushes will affect 
the power factor and efficiency. Motors for nonreversing service should 
have their brushes set in the position which gives maximum torque per 
ampere of rotor current. With this setting the power factor at the higher 
speeds should be slightly better than for the ordinary induction motor. 

The motor can be reversed by interchanging any two of the line leads 
without changing the interconnection between the regulator and motor. 
The brush position which gives the best motor performance is not the 
same for both directions of rotation. Motors for reversing services 
should have their brushes set in a compromise position which will give 
substantially the same performance for either direction of rotation. 

The breakdown torque of these motors is from 400 to 450 per cent of 
full-load rated torque for the high-speed adjustment. As the bucking 
voltage in the secondary is increased, the breakdown torque will decrease. 
With sufficient increase in the bucking voltage the maximum torque will 
occur at standstill. 

171. Synchronous Motors.—The general construction of a syn¬ 
chronous motor is the same as that of synchronous a-c generators with 
the addition of an auxiliary winding similar to either the squirrel-cage 
or wound-rotor winding of an induction motor embedded in the pole 
faces. The purpose of the auxiliary winding is to produce starting torque 
so that the motor will be self-starting. A synchronous motor will not 
develop starting torque through synchronous-motor action. A syn¬ 
chronous motor is started without d-c field excitation by induction-motor 
action through its auxiliary winding. As the motor comes up to speed and 
d-c excitation voltage is applied to its field winding, a pull-in torque is 
developed, tending to pull the motor into step. If the inertia of the load 
is not too great, this pull-in torque will accelerate the motor to syn¬ 
chronous speed, and it will continue to operate as a synchronous motor. 
As long as the motor runs at synchronous speed, the auxiliary winding 
will be inactive, since there will be no voltage produced in the auxiliary 
winding under this condition. If the motor should instantaneously tend 
to run at a speed slightly greater or less than synchronous, a voltage is 
produced in the auxiliary winding, producing a flow of current. This 
current will produce a torque which will act to bring the motor back to 
synchronous speed. The auxiliary winding, therefore, in addition to 
providing a means of making the motor self-starting provides a dampen¬ 
ing effect tending to eliminate instantaneous fluctuations of the speed. 
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A synchronous motor has two very important characteristics. It 
operates at constant speed, and its power factor is under the control of 
the operator. If the average speed of a synchronous motor deviates 
from synchronism, the motor pulls out of step and ceases to function as a 
synchronous motor. Unlike an induction motor the power factor is not 
a fixed value dependent upon the design and load. The power factor is 
dependent upon the value of the d-c field current and can be adjusted 
by the operator to a leading, unity, or lagging power-factor value. For 
any particular load a certain field current will make the motor operate 
at unity power factor. This value of field current is called normal 
excitation. A field current less than normal excitation will produce a 
lagging power factor, and a field current more than normal will produce 
a leading power factor. 

172. A synchronous motor can be used to correct low power factor 

of the system that feeds it in addition to driving a mechanical load, 
provided it has sufficient capacity. 

This characteristic is often of considerable importance. It is well 
known that the power factor of the induction motor, even under full-load 
conditions, is seldom greater than 95 per cent, and it often falls as low as 
50 or 60 per cent at light load. The result is that an a-c generator driving 
a considerable number of induction motors ordinarily operates at a com¬ 
paratively low power factor. If this alternator is loaded to its full 
kilowatt capacity at such a low power factor, overheating will result. 

If the alternator is not loaded beyond its normal current capacity it 
operates at a low energy load but with the same heating losses as at full 
load, on account of the reduced power factor. The advantage of the 
synchronous motor on such a system is that by proper adjustment of its 
field current it may be made to draw from the line a current which is 
leading with respect to the voltage, and which will neutralize the lagging 
current taken by the induction motors. The current in the a-c generator 
can thereby be brought into phase with the voltage, and the generator 
will operate under its normal conditions. When used in this manner as 
a compensator for lagging current, the synchronous motor must be of 
larger size than required by its power output, on account of the excess cur¬ 
rent which it draws from the line. 

A synchronous condenser is a synchronous motor that operates to 
correct power factor only and does not pull any mechanical load. 

173. Classification of Synchronous Motors. 

1. According to power-factor rating. 

o. 1.0 (unity) power factor. 

b. 0.8 (leading) power factor. 

2. According to speed. 

а. High speed. 

б. Low speed. 
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3. According to service. 

a. General purpose. 

b. Special purpose. 

The horsepower ratings of synchronous motors are based on unity or 
0.8 power-factor operation. A unity power-factor motor is designed to 
carry its rated horsepower load when operating at unity power factor. 
An 0.8 power-factor motor is designed to carry its rated horsepower load 
when operating at 0.8 power factor leading. Either a unity or an 0.8 
power-factor rated motor can be operated at power factors below their 
rated amount provided that the horsepower output is reduced below the 
rated value a sufficient amount so that the machine will not be overheated. 

Synchronous motors are divided into two groups according to the value 
of their rated speed. Motors with speeds of 500 r.p.m. or greater are 
called high-speed motors, and those with speeds below 500 r.p.m. are 
classed as low-speed motors. 


174. National Electrical Manufacturers’ Association Minimum-torque 
Values for Synchronous Motors 


Horsepower and rated power 
factor 

No. of 
poles 

Speed, 

r.p.m. 

Torques with rated voltage 
applied, percentage of rated 
full-load torque 




Starting 

Pull-in 
(based on 
normal 
external 
load WR*) 

Pull¬ 

out® 


General Purpose 


1.0 power factor to and including 

f 4 

1,800 

110 

110 

150 

200 hp. 

\ 6-14 

1,200-514 

110 

110 

175 

0.8 power factor to and including 

/ 4 

1,800 

125 

125 

200 

150 hp. 

t 6-14 

1,200-514 

125 

125 

250 

Large High Speed 

1.0 power factor: 






250 to 500 hp. 

4-14 

1,800-514 

110 

110 

150 

600 hp. and larger. 

4-14 

1,800-514 

85 

85 

150 

0.8 power factor: 






200 to 500 hp. 

4-14 

1,800-514 

125 

125 

200 

600 hp. and larger. 

4-14 

1,800-514 

100 

100 

200 

Low Speed— 

Engine Type 



1.0 power factor, all sizes. 

16 and 

450 and 

40 

40 

150 


more 

below 




0.8 power factor, all sizes. 

16 and 

450 and 

40 

40 

200 


more 

below 





Low Speed—Compressor Type 


All.1.1.1 40 1 30 | 140 


* With normal excitation. 
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175. General-purpose synchronous motors are rated on a 40°C. tem¬ 
perature-rise basis with a service factor of 1.15 (see Sec. 130). When 
started with full voltage, these motors will have starting kva. inrushes 
of from 550 to 700 per cent of the motors’ normal kva. rating. Normal 
torque values for these motors are given in Sec. 174. The pull-in torques 
as given in Sec. 174 are based on the standardized normal WR 2 of load 
as given in Sec. 176. 


176. Normal WR 2 of Load for Synchronous Motors (Exclusive of Motor 

WR 2 ) 


Rating, hp. 

1,800 

r.p.m. 

1,200 

r.p.m. 

900 r.p.m. 

720 r.p.m. 

600 r.p.m. 

514 r.p.m. 

20 

3.75 

8.1 





25 

4.63 

10.5 





30 

5.75 

13 

23.1 




40 

8 

18.1 

32.1 

50.2 



50 

10.4 

23.5 

41.7 

65.2 

93.8 


60 

12.9 

28.9 

51.3 

80.2 

115.5 


75 

16.6 

37.5 

66.5 1 

104 

150 


100 

23.1 

52.2 

92.6 

145 

209 

284 

125 

29.9 

67.2 

119.5 

186.5 

268.5 

366.5 

150 

36.9 

83 

147.5 

230 

331 

452.5 

200 

51 

115 

205 

320 

460 

627.5 

250 

66 

149 

264 

412.5 

594 

810 

300 

82 

184 

327 

512 

736 

1,005 

350 

98 

220 

391 

612 

880 

1,200 

400 

113.5 

255 

455 

711 

1,024 

1,388 

450 

129 

290 

516 

807 

1,165 

1,586 

500 

147.5 

330 

587 

920 

1,325 

1,800 

600 

181 

408 

725 

1,130 

1,625 

2,225 

700 

217 

487 

865 

1,350 

1,950 

2,650 

800 

253 

568 

1,010 

1,575 

2,275 

3,100 

900 

289 

650 

1,160 

1,813 

2,600 

3,550 

1,000 

328 

738 

1,312 

2,050 

2,950 

4,025 

1,250 

422 

920 

1,686 

2,640 

3,800 

5,175 

1,500 

522 

1,172 

2,090 

3,265 

4,700 

6,400 

1,750 

622 

1,400 

2,490 

3,890 

5,590 

7,625 

2,000 

725 

1,625 

2,890 

4,525 

6,512 

8,875 

2,250 

832 

1,875 

3,325 

5,200 

7,500 

10,250 

2,500 

935 

2,100 

3,725 

5,840 

8,400 

11,450 

3,000 

1,160 

2,610 

4,650 

7,250 

10,470 

14,250 

3,500 

1,375 

3,100 

5,525 

8,625 

12,450 

17,000 

4,000 

1,612 

3,030 

6,440 

10,060 

14,500 

19,750 

4,500 

1,840 

4,130’ 

7,350 

11,500 

16,550 

22,500 

5,000 

2,090 

4,680 

8,325 

13,000 

18,750 

25,500 
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178. Special-purpose Synchronous Motors. —For applications where 
the characteristics of general-purpose motors do not fit the operating 
requirements, the manufacturer fits the design of the auxiliary windings 
and motor proportions to meet the qualifications of the specific appli¬ 
cations. These custom-made motors are made with the following types 
of auxiliary windings: 

1. Conventional squirrel-cage winding. 

2. Conventional squirrel-cage winding plus single-phase, wound-rotor 
winding. 

3. Three-phase, wound-rotor winding. 

The fundamental connections and functioning of the different types of 
auxiliary windings are illustrated in Fig. 82. 

By means of proper design of a conventional squirrel-cage winding the 
torque and starting-inrush-kva. characteristics may he varied over the 
limits given in Sec. 177. Where higher starting torques with low starting 
kva. are required, a wound-rotor auxiliary winding is employed. For 
applications requiring a fairly high starting torque with fairly low start¬ 
ing-inrush kva., a single-phase, wound-rotor winding is added in addition 
to the conventional squirrel cage. For applications requiring exception¬ 
ally high starting torques with low starting kva., a three-phase, wound- 
rotor winding is employed. Motors with a wound-rotor auxiliary 
winding are started under full voltage with external resistance inserted 
in the auxiliary winding in the same manner as that used in starting 
wound-rotor induction motors. 

179. Supersynchronous Motors.—The General Electric Co. until 
recently manufactured a special type of synchronous motor for applica¬ 
tions which require a very heavy starting torque and which require that 
the starting and accelerating currents be limited to moderate values. 
This motor was their Type TSR, called the supersynchronous motor. The 
motor is so constructed that the stator can revolve, while the rotor and 
load are at rest. After the stator has come up to speed, a large hand 
brake is gradually applied to it bringing the rotor and load gradually up 
to speed. These motors will develop 200 per cent of full-load torque at 
starting. 

180. Fynn-Weichsel Motors. —The Wagner Electric Corp. developed 
a special type of self-exciting synchronous motor called the Fynn-Weichsel 
motor. The rotor of this motor carries two windings, one a d-c winding 
connected to a commutator, and the other a three-phase winding con¬ 
nected to three slip rings on the opposite end of the shaft from the 
commutator. The stator also has two windings. The two stator 
windings are displaced 90 electrical degrees from each other. One of the 
stator windings is normally short-circuited, and the other is connected to 
the d-c brushes of the rotor. In starting, resistance is inserted in series 
with each of the stator windings as shown in Fig. 83, and the a-c rotor 
winding is connected directly across the line. During the starting period 
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the a-c rotor winding acts as the primary of an induction motor, and the 
two stator windings as the secondary of a wound-rotor induction motor 
with external resistance. The motor, therefore, starts as a wound-rotor 
induction motor with resistance in series with the secondary, thus pro¬ 
ducing good starting 
torque with a low 
value of starting cur¬ 
rent. The starting 
current and torque 
can be adjusted by 
means of the resist¬ 
ances in series with 
the two stator wind¬ 
ings. The maximum 
starting torque that 
these motors can 
develop is 250 per 
cent of the full-load 
torque. This maxi¬ 
mum starting torque 
will require a current of approximately 330 per cent of the full-load cur¬ 
rent. Ordinarily the resistances are adjusted to produce about 150 per 
cent of full-load torque at starting, with a starting current of 200 per 
cent of the full load current. 

As the motor comes up to speed, the resistances in the stator circuits 

are cut out, until one 
of the stator windings 
is short-circuited, and 
the other is connected 
directly in series with 
the d-c winding of the 
rotor, as shown in Fig. 
85. The motor then 
pulls into step as a 
synchronous motor. 
During the interval 
between induction 
and synchronous 
operation the torque 
developed is greater 
than the full-load 
rated torque. Under the normal running conditions the short-circuited 
stator winding carries no current, and the other stator winding carries 
direct current produced in the d-c rotor winding. The motor is a self- 
excited synchronous machine, the d-c rotor winding supplying the neces- 


Auxihary 

Starting V_ \ 

Stator 

Winding 



Fig. 84. —Diagram of Fynn-Weichsel motor— 
normal running connections. 



Fig. 83.—Diagram of Fynn-Weichsel motor—start¬ 
ing connections. 




682 


AMERICAN ELECTRICIANS ’ HANDBOOK [Div. 5 


sary excitation. It will operate thus as a synchronous motor at constant 
speed from no load to 150 per cent of rated load. If an excessive overload 
is placed on the machine, it will not stall as will the ordinary synchronous 
motor. When more than approximately 150 per cent load is placed on the 
Fynn-Weichsel motor, the machine pulls out of step as a synchronous 
motor but continues to run as an induction motor up to the pull-out 
torque of the motor. The pull-out torque is approximately 250 per cent 
of full-load torque. 

181. The Fynn-Weichsel motor is not adapted for ordinary speed- 
control service. It may be operated, however, at speeds below normal 
for short periods of time. This is accomplished by the insertion of resist¬ 
ance in series with the two secondary (stator) windings just as in starting. 
Under these conditions the motor operates as a wound-rotor induction 
motor with resistance in series with the rotor winding. The allowable 
horsepower and efficiency are reduced approximately proportionally to 
the reduction in speed. When operating at reduced speed, the motor has 
a varying speed characteristic, the amount of variation of speed with 
change in load depending upon the amount of resistance inserted in the 
secondary circuit. When operating in this manner, the motor produces 
no power-factor corrective effect. This limited speed-control feature 
makes the Fynn-Weichsel motor suitable for certain types of service 
that require speed control during the starting period with constant 
speed under normal running conditions. On conveyors, for example, 
the motor can be run at various speeds, until all operations along the 
conveyors are speeded up to normal, after which the motor can be 
stepped up to synchronous speed. 

182. The power factor of the Fynn-Weichsel motor depends upon the 
setting of the brushes and the load. The brushes generally are set at an 
angle of 25 to 30 deg. from the field axis. This setting of the brushes 
gives a leading power factor at all loads from no load to full load, the 
power factor being from 87 to 92 per cent at full load and from 40 to 00 
per cent at no load. Greater power-factor corrective effects can be 
obtained by shifting the brushes more than 25 or 30 deg. from the field 
axis, but the allowable horsepower rating will be less than the normal 
horsepower rating. If the brushes are set on the field axis, the power 
factor is approximately 100 per cent from no load to full load. The 
Fynn-Weichsel motor may be operated as a synchronous condenser by 
setting the brushes approximately 90 deg. from the field axis. Under 
this condition it will pull its full kva. rating at approximately 0 per cent 
leading power factor. 

183. The repulsion motor (Fig. 85) has an armature which is like 
that of a d-c machine. It is provided with two brushes E\ and E 2f which 
are inclined to the axis of the stator winding. These brushes are con¬ 
nected by a low-resistance conductor D, which short-circuits the arma¬ 
ture. A machine of this type has a high starting torque with a small 
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starting current, and a rapidly decreasing speed with increasing load, 
being similar in this respect to a d-c series motor. The power factor 
of the repulsion motor increases with the speed, and near synchronous 
speed it attains a value much higher than is generally obtained in induc¬ 
tion motors. These motors are used principally for constant-torque 
applications such as printing-press drives, fans, and blowers. The 
direction of rotation of a repulsion motor may be reversed by shifting the 
brushes to the reverse side of the neutral. 



Fig. 85.—Diagram of repulsion Fig. 86.—Diagram of compen- 
motor. sated repulsion motor. 

184. The compensated repulsion motor (Fig. 86) is similar to the 
repulsion motor, except that it has a compensating winding W and two 
compensating brushes C i and C 2 , which the repulsion motor does not 
have. The compensating winding is wound on the stator. The com¬ 
pensating brushes are connected in series with the compensating winding. 
These motors have a starting torque equal to about to 3 times full¬ 
load torque with approximately twice full-load current. Owing to the 
corrective action of the compensating winding, the power factor is very 
high at all loads. However, the efficiency of this machine is lower than 
that of the induction motor. Single-phase motors of this type are well 
adapted for loads involving heavy starting torque and sudden overloads. 
For a more complete discussion of this type of motor see the author's 
“ Electrical Machinery." 

185. Brush-shifting Type of Single-phase Motor.—The brush- 
shifting, single-phase repulsion motor, as manufactured by the General 
Electric Co., is a compensated repulsion motor. It is an adjustable 
varying-speed type of motor. The adjustment of speed is obtained by 
shifting the position of the brushes on the rotor. The speed may be 
controlled directly at the motor by means of a brush-shifting handle 
attached to the brush rigging. If it is desired to control the speed from 
some point remote from the motor, the brush-shifting handle may be 
connected to a pedestal or foot controller by means of a rocker-shaft 
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assembly (bracket, rocker shaft, and levers). These motors may be 
obtained in to 3-hp. sizes for either reversing or nonreversing service. 
The motor is reversed by simply shifting the brushes in the opposite 
direction from the neutral point. The brush-shifting motor is a con¬ 
stant-torque motor. The rated horsepower is the allowable horsepower 
for the highest speed. As the speed is reduced, the allowable horsepower 
is reduced in proportion. A speed reduction of 3:1 is possible when 
operating against a constant torque of 75 per cent of the rated value. 
If operating against 100 per cent normal torque, a speed reduction of 
4:1 can be obtained. The no-load speed is approximately 60 per cent 
above synchronous speed. At no load or with light loads very little 
speed reduction is possible. The starting torque of these motors with 
full voltage varies from 150 to 300 per cent of full-load rated torque for 
four-pole machines, and from 125 to 250 per cent for six-pole motors, 
depending upon the brush position. 

The breakdown torque is more than 400 per cent of full-load rated 
torque when the brushes are in the maximum-speed position. As the 
brushes are shifted for the lower speeds the breakdown torque decreases. 
These motors are generally started with full voltage. 

186. A single-phase induction motor, when its rotor is not revolving, 
has no starting torque. After the rotor commences revolving there is a 
certain interaction of magnetic fields whereby there is exerted a con¬ 
tinuous turning effort. Single-phase induction motors are provided, 
therefore, with some auxiliary means for making them self-starting. 
Single-phase induction motors may be divided into the following groups, 
depending upon the method employed for starting. 

1. Shading coil. 

2. Inductively split phase. 

3. Condenser split-phase or capacitor motor. 

4. Repulsion start induction run. 

5. Repulsion induction. 

187. Shading-coil, Single-phase Induction Motors.—Some fractional- 
horsepower motors, principally those used on small ventilating fans, are 


Pole Piece* 


™ m jly^’Mer/n StodorWindinq 

Shading Coil 

Rotor Conductors 

a. 87.—Construction of shading- 
coil motor. 


made self-starting by means of the 
shading-coil method. The stator 
winding of these motors is not distri¬ 
buted around the frame, as in most 
induction motors, but is wound on 
projecting pole pieces, as in d-c 
machines. In addition to the main 
stator winding a short-circuited coil, 
or shading coil, as it is called, is 


placed around only a portion of the pole piece (Fig. 87). This shading 


coil makes the flux in the portion of the pole piece surrounded by it lag 


behind the flux in the other portion of the pole. The shifting of the flux 
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thus produced will develop sufficient torque to start small motors under 
very light load conditions. These motors are constant-speed machines. 
They are made in sizes of from 34 5 o to 34 0 hp. and are used for driving 
small fans. For starting-current values refer to Sec. 190. 

188. The inductively split-phase, single-phase induction motor is 
provided with an auxiliary starting winding, in addition to the main 
stator winding. This winding is located in stator slots so that it is dis¬ 
placed 90 electrical degrees from the main stator winding, as shown in 
Fig. 88. If two currents sufficiently out of phase with each other are 
passed through the main and auxiliary windings, conditions similar to 
those existing in a two-phase induction motor will be produced. The 



Starting Winding 
Cutout of Circuit 


Automatic Switch 

Fig. 88.—Single-phase motor diagram. 

necessary two currents which are from 30 to 45 degrees out of phase with 
each other are obtained from the single-phase supply by constructing one 
of the circuits with a relatively high inductance, and the other with a 
relatively high resistance. The main or running winding is normally of 
high inductance at the time of starting. The auxiliary winding is wound 
with finer wire, making it have higher resistance than the main winding. 
The running winding remains in the circuit at all times of operation, while 
the starting winding remains in the circuit only until the motor has 
reached 50 to 80 per cent of synchronous speed. When the speed is 
reached at which the starting winding should be cut out, an automatic 
centrifugal switch (see illustration) operates and opens the “starting” 
circuit. This type of single-phase induction motor thus starts as a two- 
phase machine, until the starting winding is cut out, when it continues 
to operate, by virtue of the running winding only, as a single-phase motor. 

These motors are constant-speed machines, not adapted for any speed 
control. They are made in sizes up to 34 hp. and in two types, the 
general-purpose type and the high-torque type. The general-purpose 
type of motor has the following characteristics: full-voltage starting 
torque 75 to 175 per cent of full-load torque, full-voltage starting current 
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within National Electrical Manufacturers’ Association specifications of 
Sec. 190, breakdown torque 175 to 225 per cent of full-load torque, and 
pull-up torque 75 to 200 per cent of full-load torque. They are suitable 
for full-voltage starting on any power system. 

The high-torque type of motor has the following characteristics: full- 
voltage starting torque 150 to 275 per cent of full-load torque, full- 
voltage starting current approximately 850 per cent of full-load current, 
breakdown torque 225 to 350 per cent of full-load torque, pull-up torque 
225 to 325 per cent of full-load torque. The full-voltage starting cur¬ 
rents exceed the N.E.M.A. specifications of Sec. 190 and may not be 
permissible for some installations. 


189. National Electrical Manufacturers 1 Association Minimum Torques 
for Inductively Split-phase Motors 




Torques in peicentage of rated full-load toique 


Up. 

Locked rotor 

Pull-up 

Hi eakdown 


1,725 r.p.m. 

1,140 i.p.m. 

1,725 i.p in. 

1,140 i p.m. 

1,725 i.p.m. 

1,140 i.p.m. 

X 

150 

125 

150 

1 

125 

200 

175 

X 

150 

125 

150 

125 

200 

175 

X 

90 

75 

90 

75 

185 

175 


190. National Electrical Manufacturers’ Association Maximum Locked- 
rotor Currents for Inductively Split-phase Motors 



Locked-rotor currents in amp. 

Hp. 

for rated voltages of 

110 volts 

220 volts 

Up to l 6 

20 

10 

K 

23 

11.5 

X 

j 31 

15.5 

X 

45 

22.5 

X 

61 

30.5 


191. Capacitor motors are single-phase induction motors which have 
two stator windings displaced 90 electrical degrees from each other just 
the same as the inductively split-phase motor. Therefore they have 
starting torque developed by two-phase action. In the capacitor motor 
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the necessary phase displacement between the currents of the two 
stator windings is produced by placing a condenser in series with the 
auxiliary winding. By this means the phase displacement can be made 
more nearly 90 degrees, which results in better starting torque with lower 
starting current than can be obtained with the inductively split-phase- 
started motor. Capacitor motors are available in the following types: 

1. Capacitor start, induction run. 

2. Capacitor start, capacitor run. 

a . Two-value capacitor (high torque). 

b. Single-value capacitor (low torque). 

3. Multispeed, capacitor start, capacitor run. 

Capacitor motors have the advantages of quiet operation, high power 
factors, and reduction in radio interference. 

192. The capacitor-start, induction-run motor starts by two-phase 
action. After the motor has reached approximately 75 per cent of full¬ 
load speed, a centrifugal switch opens the auxiliary circuit, and the 
motor continues to run as an ordinary single-phase induction motor. A 
diagram for a motor of this type is shown in Fig. 89. These motors 
develop starting torques of from 275 to 400 per cent of rated full-load 
torque. The breakdown torque is from 200 to 300 per cent of rated full¬ 
load torque. Their starting currents are sufficiently low so that they are 
started with full voltage. Motors of this type are made in sizes of from 
H to % hp. 

193. Capacitor-start, capacitor-run, single-phase induction motors 
utilize both of the stator windings at all times. The motor secures its 
power from a single-phase supply 
but really operates both when 
starting and running as a two- 
phase motor. For the two- 
value capacitor motor a larger 
value of capacity is used during 
the starting period than is em¬ 
ployed for running conditions. 

The larger capacity for starting 
may be obtained by means of an 
additional capacitor (Figs. 90 
and 91) or through changing the 
connections to an autotrans¬ 
former which supplies the power 
to a single capacitor (Fig. 92). 

For small motors the change in 
the connections between starting 
and running is performed by means of a centrifugal switch (Fig. 90), while 
for larger motors a definite time relay is employed (Fig. 91). The two- 


CentnFugat switch / —N. .Condenser 

starting contacts ( Y box 
(contacts dosed V M M ) 

until motor comes - 

up to definite -I K»- s Frame 
speed) 


Rotor ... 


SSr- I'-'ST' 

Fig. 89.—Connection diagram of 
capacitor-start, induction-run motor. 
(Wagner Electric Corp.) 
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value capacitor motor produces a high startmg torque of from 275 to 450 
per cent of rated full-load torque with starting currents that are m most 
cases sufficiently low so that they may be started with full voltage The 
breakdown torques will be from 200 to 300 per cent of rated full-load 
torque These motors are available m sizes of from to 10 hp 


Electrolytic 

condenser 


Low 

voltage 



Centrifugal 
switch starting 
contacts 

(Contacts dosed Nsi —^ 
until motor 000000 ) 

comes up to l A uxi hary 
definite Mam . 

speed) 

Fig 90 —Connection diagram for two-value capacitor motor (capacitoi-stait 
capacitor-i un) with centrifugal switch (Wagner Electric Corp ) 


The single-value, capacitor-start, capacitor-run motor utilizes a single 
value of capacity that is the same for both starting and running (Tig 93) 
There is no change in connections between the starting and running con¬ 
dition These motors have low starting torques of a value between 40 to 
60 per cent of rated full-load torque The breakdown torques will be 
from 150 to 200 per cent of rated full-load torque r lhe starting current 


Auxiliary 

winding 


Line 



Runnmqr 

j§> 4_t- 

Rotor l t J 


Starting 


Capacitors 


will generally be sufficiently low 
for full-voltage starting These 
motors are made in sizes of fiom 
to 10 hp 

The principal advantage of 
the capacitor-start, capacitor- 
run motors over the capacitor- 
start, induction-run motors is 


winding 

Fig 91 — Connection diagram for two- that they operate at a higher 
value capacitor motor (capacitor-stait power factor 
capacitor-run) with acceleration relay 194. Multispeed capacitor 
(General Electric Co ) motors are smgle _value, capa- 

citor-start, capacitor-run motors equipped with a selector switch and 
autotransformer for supplying different voltages to the main winding 
They are suitable only for special classes of services since the breakdown 
torque is reduced in proportion to the square of the voltage impressed on 
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the main winding. It is possible to provide the motor with a centrifugal 
switch so that when properly connected it is impossible to start the motor 
except with full voltage impressed upon the main winding. 

195. Repulsion-start, Induction-run, Single-phase Motors.—Single¬ 
phase induction motors which are started by repulsion-motor action are 
constructed similarly to the straight repulsion motor with the addition 
of a centrifugal device which shorts the commutator segments after the 
motor has come up to speed. The motor starts as a repulsion motor, but, 
after it has come up to the required speed so that the commutator seg¬ 
ments are short-circuited, it operates as a straight-induction motor. 
These motors are constant-speed machines not capable of speed control. 
The starting torques of different motors vary from 300 to 500 per cent 

of the full-load torque. The 
breakdown torque is at least 175 
per cent of the full-load torque. 
The starting currents of these 
motors vary from 200 to 350 per 


Fig. 93. —Diagram for a low- 
starting-torque capacitor motor. 
0 General Electric Co.) 

cent of full-load current, so generally they may be started directly across 
the line. When it is necessary or desirable to limit the starting current 
to smaller values, a resistance type of starter is employed. They are 
made in sizes of from % to 15 hp. 

196. The repulsion-induction motor has two rotor windings. One of 
these windings is an ordinary induction rotor winding, and the other is a 
repulsion winding connected to a commutator with short-circuited 
brushes. There is frequently a compensating winding on the stator 
connected to brushes bearing on the commutator, as discussed in Sec. 
184. This motor starts by repulsion-motor action. Since there is no 
short-circuiting device, after the machine has come up to speed both the 
repulsion and the induction windings are active. Under running 
conditions the motor functions as a combined induction and repulsion 
motor. The starting torque with rated voltage impressed for different 
sizes and speeds varies from 225 to 300 per cent of the full-load torque. 
There is no definite breakdown point, the maximum torque occurring at 
standstill. The starting currents of these motors, when thrown directly 




To Lmc For C w. Rotation re verse T t and T4. 
Motor Capacitor Unit 

Fig. 92.— Diagram for a high-start- 
ing-torque capacitor motor. 0 General 
Electric Co.) 
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across the line, are within the requirements of most power companies. 
When it is desired to limit the starting currents to smaller values, a 
resistance type of starter is employed. The repulsion induction motor 
is a constant-speed machine with a speed variation from no load to full 
load of about 6 per cent. Its speed cannot be adjusted. They are made 
in sizes of from }4 to 10 hp. 

197. The single-phase series or “universal” motor (Fig. 94) comprises 
an armature of the d-c* type connected in series with the field. It will 
operate successfully on either a-c or d-c circuits. The single-phase series 
motor finds its widest application in the fractional-horsepower services 
such as those for fans, appliance motors, and electric drills. These 

machines have approximately the same 
speed-torque characteristics as the d-c 
series machines. In the larger capaci¬ 
ties, smgle-phase series motors are 
equipped with compensating windings 
which compensate for the armature re¬ 
action. The compensating winding is 
placed in the pole face and must be so 
connected that at any instant the cur¬ 
rent will flow in the same direction in 
all the conductors under any one pole. 
The compensating winding may be connected m series with the armature. 
When so connected it is called a conductively compensated winding. 
The compensating winding may be short-circuited on itself. When 
thus arranged it receives its current by induction, and the machine is said 
to be inductively compensated. 

198. Methods of Reversing Motors. —In the following paragraphs 
instructions are given for reversing the different types of motor. 

Direct-current Shunt or Series Motors. —Interchange the connections 
of either the field or the armature winding. Reversing the line leads 
will not change the direction of rotation. If the motor is not equipped 
with commutating poles, the brushes should be shifted to the same 
position on the opposite side of the neutral axis. 

Direct-current Compound Motors. Method 1. —Interchange the 
connections of the two armature leads. 

Method 2. —Interchange the connections of the two shunt-field leads 
and also interchange the connections of the two series-field leads. Inter¬ 
changing the connections of just the two shunt-field leads will change the 
direction of rotation, but the motor would then operate as a differential 
compound motor instead of cumulative. If the motor is not equipped 
with commutating poles, the brushes should be shifted to the same 
position on the opposite side of the neutral axis. 

Any Four-wire, Two-phase Induction Motor. —Interchange the con¬ 
nections to the line of the two leads of either phase. 



Fio. 94. —Diagram of a scries or 
universal motor. 




Div. 5] GENERATORS AND MOTORS 691 

Any Three-wire, Two-phase Induction Motor. —Interchange the con¬ 
nections to the line of the two outside wires. 

Any Three-phase Induction Motor. —Interchange the connections to 
the line of any two leads. In reversing the commutator type of poly¬ 
phase induction motor the brush-shifting mechanism must be adjusted 
to the proper position for the reversed rotation in addition to reversing 
the connections of two of the line leads. 

Synchronous Motors. —Ordinary synchronous motors are reversed in 
the same manner as induction motors. 

Fynn-Weichsel Motors. —Interchange the connections to the line of 
any two of the motor leads and shift the commutator brushes to the same 
position on the opposite side of the field axis. 

Single-phase Induction, Shading-pole Starting. —The direction of 
rotation cannot be reversed. 

Single-phase Induction, Inductively Split-phase Starting. —Inter¬ 
change the connections of either the main or the auxiliary winding. 

Single-phase Capacitor Motor. —Interchange the connections of either 
the main or the auxiliary winding. 

Single-phase Induction, Started by Repulsion Action. —Shift the 
brushes to the same position on the opposite side of the neutral axis. 

Single-phase Repulsion Motor. —Shift the brushes to the same position 
on the opposite side of the neutral axis. 

Single-phase Series Motor. —Reversed in the same manner as d-c 
series motors. 


CONVERSION EQUIPMENT 

199. The conversion of alternating current to direct current is usually 

effected with a motor generator set, a synchronous converter, or an 
electronic rectifier. A discussion of electronic rectifiers is outside the 
scope of this book. 

200. A motor generator set consists of a motor mechanically coupled to 
and driving one or more generators. The motor is usually alternating 
current and is mounted on the same bedplate and on the same shaft with 
the generator or generators which it drives. A motor-generator set may 
be employed to convert electrical energy from one voltage or frequency 
to another voltage or frequency, to convert alternating current to direct 
current, or to convert direct current to alternating current. Where an a-c 
motor is used, it may be of either the induction or synchronous type. 
The induction type has the advantages of low first cost and rugged con¬ 
struction. It may also be wound for voltages as high as 13,500 volts. 
This will, in many cases, eliminate the necessity for transformers. It 
has, however, poorer speed regulation and lower power factor. A syn¬ 
chronous-motor drive is probably more frequently used for large-capacity 
installations than is the induction motor. The synchronous motor is 
inherently a constant-speed motor. Therefore by its use a more nearly 
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constant voltage can be maintained at the generator terminals than 
by the use of an induction motor. The field of the synchronous motor 
may be overexcited. It then acts as a synchronous condenser, thus 
improving the power factor. 

201. A synchronous converter (sometimes called a rotary converter) 
for converting alternating to direct current or vice versa, consists (Fig. 
95) of a d-c motor equipped with slip rings. Taps are brought out from 
equidistant points on the armature winding and connected to these slip 
rings. As ordinarily used the machine is then driven as a synchronous 

motor, by an alternating 
e.m.f. which is impressed on 
the armature through the 
slip rings. As the armature 
rotates, an alternating 
e.m.f. is induced in the 
armature winding, as in any 
d-c generator. This alter¬ 
nating induced e.m.f. is 
rectified by the commuta¬ 
tor and leaves the brushes 
as a pulsating or direct cur¬ 
rent. If a synchronous 
converter is utilized for con¬ 
verting alternating current 
to direct current, it is called a direct converter, or merely a converter. If 
it converts direct current to alternating current, it is called an inverted 
converter. If the main-pole flux distribution is such that the induced 
e.m.f. has a sine-wave form, then (sec Table 202 for values) 

fe = 0.707 (sin !§?) (6) 

wherein E at = the effective a-c voltage, in volts between adjacent slip 
rings; Ede — the d-c voltage, in volts, and n — number of slip rings for a 
bipolar machine, or the number of taps per pair of poles for a multipolar 
machine. 


202. Ratio of the Effective A-c to D-c Voltage with Different Numbers 

of Taps 


Number of taps per 
pair of poles 

Number of phases 

Eae . 

e 7 c 1 

/between ad-\ 
kjacent taps ) 

Eae 

jjjj (line voltage) 

2 

1 


0 707 

0 707 

3 

3 


0 612 

0 612 

4 

6 

4 or 2 

6 


0 500 

0.354 

0 707 

/0.707 (diametrical) 

\0 612 (double A) 

12 

12 


0 183 

0 682 (double chord) 


Note. —Synchronous converters are subject to hunting. The cause of hunting and 
the remedy are the same as for a synchronous motor. 



Fm. 95.—Diagram of two-pole single-phase 
synchronous converter. 
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203. The methods of starting a synchronous converter are (1) from 
its d-c side as a shunt motor, (2) by means of an auxiliary motor mounted 
on its shaft, and (3) if polyphase, from its a-c side as an induction motor. 
Whatever method is used the armature must be brought up almost to 
synchronous speed before the load is applied to the generator. 


204. Usual Relation between Number of Poles, Phases, Taps, and Slip 
Rings of a Synchronous Converter 



2 pole 

4 pole 

6 pole 

8 pole 

12 pole 

Phases 

Slip 

rings 

Taps 

Slip 

rings 

Taps 

Slip 

rings 

TapR 

Slip 

lings 

Taps 

Slip 

rings 

Taps 

1 

2 

2 

2 

4 

2 

0 

2 

8 

2 

12 

2 

4 

4 

4 

8 

4 

12 

4 

16 

4 

24 

3 

.3 

3 

3 

6 

3 

9 

3 

12 

3 

18 

0 

6 

f> 

6 

12 


18 

6 

24 

6 

36 


Note. —The tendency of modern practice in large three-phase conversion installations 
is to use a six-phase convertei. It is connected to the three-phase line through a set of 
transformers. 


206. The relation between the values of direct and alternating current 
of any synchronous converter is 

Idc = 0.354 X {lac) X (ft) X (power factor) X (efficiency) (7) 

where Idc = direct current, in amperes; I a c = effective alternating 
current, in amperes, and n is as given in formula (6). 

206. A frequency-changer motor generator consists of an a-c generator 
or generators driven by an induction or a synchronous motor or motors. 
The frequency of the generator is different from that of the motor. 
Since the speed regulation of the induction motor is inherently poorer, 
a synchronous driving motor is usually applied. The output frequency 
of a set which is driven by a synchronous motor will vary only with the 
input frequency and not with the load. The synchronous motor may 
also be utilized for improving the power factor of the energy-supplying 
system. Since the motor and the generator are mounted on the same 
shaft, and hence rotate at the same speed, the desired frequency change 
must be obtained by a proper ratio between the number of motor poles 
and the number of generator poles. The ratio between the frequency 
applied to the motor and the frequency which the generator will supply 
is exactly equal to the ratio between the number of poles on the motor 
and the number of poles on the generator. That is, 

No. of poles on motor Frequency applied to motor . . 

No. of poles on generator ** Frequency supplied by generator ^ " 
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For 60- to 25-cycle conversion this practically limits the speed to 300 
r.p.m. with 24 poles on the 60-cycle machine and 10 poles on the 25-cycle 
machine. 

TROUBLES OF A-C MOTORS AND GENERATORS—THEIR 
LOCALIZATION AND CORRECTION 

207. Troubles of A-c Machinery. —Much of the material under this 
heading is based on that in the book “ Motor Troubles/’ by E. B. Ray¬ 
mond. For further data relating to a-c-machincry troubles and their 
correction see the author’s “Electrical Machinery.” 

208. Induction Motor Troubles (H. M. Nichols, “Power and the 
Engineer”).—The author asserts that the unsatisfactory operation of an 
induction motor may be due to either external or internal conditions. 
The voltage or the frequency may be wrong, or there may be an overload 
on the machine. Low voltage is the most frequent cause of trouble. 
The starting current sometimes amounts to twice the running current, 
with the result that the voltage is particularly low at starting. The best 
remedy for this disorder is larger transformers and larger motor leads, 
one or both. The troubles that occur most frequently within the motor 
itself are caused by faulty insulation and by uneven air gap due to the 
springing of the motor shaft or to excessive wear in the bearings. If a 
wound-rotor machine refuses to start, the trouble may be due to an open 
circuit in the rotor winding. Most wound-rotor motors designed to 
employ a starting resistance will not start at all if the resistance is left 
out of the secondary circuit with the secondary circuit open. A short- 
circuited coil in the motor will make its existence known by local heating 
in the latter. 

209. Troubles of A-c Generators (Westinghouse Instruction Book).— 
The following causes may prevent a-c generators from developing their 
normal e.m.f. 

The speed of the generator may be below normal. 

The switchboard instruments may be incorrect and the voltage may be 
higher than that indicated, or the current may be greater than is shown 
by the readings. 

The voltage of the exciter may be low because its speed is below 
normal, or its series field is reversed, or part of its shunt field is reversed 
or short-circuited. 

The brushes of the exciter may be incorrectly set. 

A part of the field rheostat or other unnecessary resistance may be in 
the field circuit. 

The power factor of the load may be abnormally low. 

210. Causes of Shutdowns of Induction Motors. —Sometimes there is 
trouble from blowing fuses. Or possibly, and more serious, the fuses do 
not blow, and the motor, perhaps humming loudly, comes to a standstill. 
Under these conditions the current may be 10 times normal, so that the 
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heating effect, being increased as the square of the current or 100 fold, 
causes the machine to bum out its insulation. 

Since the torque or turning power of an induction motor is proportional 
to the square of the applied voltage (one-half voltage produces only one- 
quarter torque), it is evident that lowering the voltage has a decided 
effect upon the ability of the motor to carry load and may be the cause of 
its stopping. Another cause may be that the load on the motor is more 
than equal to its maximum output. 

The bearings may have become worn, so that the air gap (which ordi¬ 
narily is not much over 0.040 in. and on small motors may be as small 
as 0.015 in.) has been gradually reduced at the lower side of the rotor to 
practically zero. The rotor commences to rub on the stator. The 
friction soon becomes so great that it is more than the motor can carry. 
The result is that it shuts down. 

A shutdown may be due to bearings introducing excessive friction. 
Hot bearings, in turn, may be due to excess of belt tension, dirt in the oil, 
oil rings not turning, or to improper alignment of the motor to the 
machine that it drives. Hence, under such conditions, it should be 
ascertained whether the voltage has been normal, whether the air gap 
is such that the armature is free from the field, and whether the load 
imposed upon the motor is more than that for which it was designed. 
In any installation a system should be arranged whereby an inspector 
will examine the gap, bearings, etc., periodically. 

Rarely, shutting down may be due to the working out of the starting 
switch, which may be located within the armature. Such a switch is 
operated by a lever engaging a collar which bears on contacts which, 
as they move inward, cut out the resistance which is in series with the 
rotor winding and is located within it. 

If the short-circuiting brushes work back, introducing resistance into 
the armature circuit while the machine is trying to carry load, it will at 
once slow down in speed and probably stop, usually burning out the 
starting resistance. Of course, this can occur only from faulty construc¬ 
tion. The remedy is to fit the brushes properly, so that they will not 
work out. It is well to inspect them at the time of air-gap inspection. 

211. Low Torque While Starting Induction Motors.—Although the 
circuit to the motor be closed, sometimes it does not start. The same 
general laws of voltage, etc., apply to the motor at starting as when run¬ 
ning. Hence, the points mentioned under Shutdowns should be investi¬ 
gated and if necessary corrected. The resistance, which is frequently 
inserted in the armature, may be short-circuited, thus giving a low start¬ 
ing torque. With a wound-rotor motor it is necessary, in order to obtain 
a proper starting torque with a reasonable current, that a resistance be 
inserted in the rotor circuit. The resistance not only limits the current, 
which would, with the motor standing still, be large, but it causes the 
current of the armature to assume a more effective phase relation, so 



696 AMERICAN ELECTRICIANS' HANDBOOK [Div. 6 

that with the same current a far larger torque is obtained. A par¬ 
tial or complete short-circuit of the resistance will reduce the starting 
torque. 

212. Low Maximum Output of Induction Motors. —The maximum 
load which a motor can carry may be less than desired or less than the 
name plate indicates. This may be due to improper interconnection of 
the motor windings or to low line voltage. If the line voltage is con¬ 
siderably below the rated voltage of the motor, the maximum torque that 
the motor can develop may be so reduced that the motor will stall on 
small overloads. Many motors are designed for operation at two volt¬ 
ages, for example, 110/220 or 220/440. This is accomplished by dividing 
the stator winding into two parts. For operation on the low-voltage 
rating the two parts of the winding should be connected in parallel, while 
for operation on the high-voltage rating the two parts should be con¬ 
nected in series. Sometimes, in putting a motor in service on a supply 
which has a voltage corresponding to the low-voltage rating of the motor, 
the windings are connected in series. With this connection the motor 
would be operating at half rated voltage. This wrong connection will 
be indicated by the motor’s starting very slowly, or failing to start, or by 
stalling without overheating and without tripping the overcurrent 
devices. 

213. Winding Faults of Induction Motors. —When a new induction 
motor is received, it sometimes happens that, when an attempt is made 
to operate the machine, although it will start, the currents are excessive 
and unbalanced, undue heating appears, or a peculiar noise is emitted, 
accompanied possibly by dimming of the lights on the same circuit and 
the lowering of speed, with perhaps actual shutdown of other induction 
motors thereon. If, after examination, there is found to be no difficulty 
with the air gap, belt'tension, starting resistance, or bearings, the prob¬ 
abilities are that the coils of the motor have been wrongly connected or 
that the winding has been damaged during transportation. Certain 
indications of these conditions are shown by instrument readings. The 
winding faults in a three-phase motor may be: 

1. One coil of the rotor may be open-circuited. The armature or rotor 
may have a defective winding just as may the stator. 

2. Two coils or phases of the armature may be open-circuited. 

3. Armature may be connected properly but stator coil or phase may 
be reversed. 

4. Part of stator may be short-circuited. 

5. One phase of stator may be open-circuited. 

214. With an open circuit in field or stator in a three-phase motor, 
current would flow only in two legs. There would be no current in the 
other leg, and the motor would not start from rest with all switches 
closed. However, a three-phase motor or a two-phase motor will run 
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and do work single-phase if it is assisted in starting. The starting torque 
is zero, but as the speed increases the torque increases. 

With a small motor, giving a pull on the belt will introduce enough 
torque so that it will pick up its load. Therefore while an open circuit 
in the field winding should be found and repaired, if there is not time fof 
repairs, the motor can be operated single-phase to about two-thirds of 
normal load. The power-factor conditions and effects on the rest of the 
circuit are practically no worse than when the motor is running three- 
phase. The torque of a 1-hp, three-phase induction motor from rest to 
synchronism, when running single-phase, is indicated in Fig. 76. 

216. Squirrel-cage Armature or Rotor Troubles.—Unusual operation 
due to reversals of phase, phases open-circuited, and other causes occur 
with squirrel-cage armatures as well as with wound armatures. Poor 
soldering of the armature bars may be the cause. Sometimes a solder 
flux that will ensure proper operation for a while may be used, but time 
will develop poor electrical contacts due to chemical action at the joints. 
If the resistances of all the squirrel-cage joints are uniformly high, the 
effect is simply like that of an armature having a high resistance, which 
causes a lowering of the speed and local heating at the joints. If some 
of the joints are perfect, but some bad, the motor may not have the 
ability to come up to speed, and there will be unbalanced currents. 

216. Effects of Unbalanced Voltages on Induction Motors.—The 
maximum output of a polyphase induction motor may be materially 
decreased if the voltages impressed on the different phases are unequal. 
On a three-phase system the three voltages between the legs 1-2, 2-3, 
and 1-3 should be approximately equal. Also on a two-phase system the 
voltage 1-2 should equal 3-4. If these voltages impressed on the induc¬ 
tion motor are not equal the maximum output of the motor as well as the 
current in the various legs is proportionately affected. 

For example, with a two-phase motor, if the voltages in the two legs 
differ by 20 per cent, a condition sometimes met in normal practice, the 
output of the motor may be reduced 25 per cent. Then, instead of being 
able to give its maximum output of, say, 150 per cent for a few moments, 
it will give but 112 per cent. The varying loads which the motor may 
have to carry may shut it down. In cases of low maximum output, the 
relative voltages on the various legs should always be investigated. If 
they vary, the trouble may be due to this variation. 

In addition to the effect on the maximum output, the unequal distribu¬ 
tion of current in a two-phase motor under such conditions may be quite 
serious. Consider a specific case of a 15-hp, six-pole, 1,200-r.p.m., 
220-volt motor, with the voltage on one leg 220 and the voltage on the 
other leg 180; current in leg 1 was 60 amp. and in leg 2 was 35 amp. at full 
load. The normal current at full load was 35 amp. Thus the fuse might 
blow in the phase carrying the high current, causing the motor to run 
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single-phase. If an attempt is made to start the motor, the blown fuse 
not being noticed, there would be no starting torque. 

Consider the specific case of a six-pole, 10-hp., 1,200-r.p.m., 160-volt, 
three-phase motor. The motor on normal voltage, at full load, took 
110 amp, in each leg. With unbalanced voltages of 161, 196, and 168, 
only full load could be carried, although the average of these voltages is 
such that it might be assumed that 25 per cent overload should be carried. 

217. Induction-motor, Starting-compensator Troubles.—Sometimes a 
mistake is made in the connections to the compensator, so that full volt¬ 
age is used at starting and the lesser voltage after throwing over the 
switch. Then the motor at starting takes excessive current, and, since 
the maximum output is in proportion to the square of the voltage, the 
motor capacity is much reduced when it is apparently running on the 
operating position. Such action, therefore, can usually be accounted 
for by a wrong connection in the compensator. Sometimes a motor con¬ 
nected to a compensator takes more current at starting than it should, 
under which condition a lower tap should be tried. Compensators are 
usually supplied with various taps, and the one should be selected which 
produces the least disturbance on the line, giving at the same time the 
desired starting torque on the motor. 

When a motor, having been connected to a compensator, will not start, 
the cause may be entirely in the compensator. The compensator may 
have become open-circuited, owing to a flash within. The switch may 
have become deranged so that it will not close, or a connection within 
the compensator may have become loosened. Possibly, when a motor 
will not start when connected to a compensator just installed, one secondary 
coil of the compensator may be improperly interconnected. 

218. Induction-motor, Collector-ring Troubles.—It is essential that 
the contact of the brushes on the collector rings be good, or the contact 
resistance will be so great as to slow the motor down and to cause heating 
of the collector itself. This effect is particularly noticeable when carbon 
brushes are used. The contact resistance of a carbon brush under normal 
operation pressure and carrying its usual density of current (40 amp. per 
sq. in.) is 0.04 ohm per sq. in. Thus, under normal conditions, the drop 
is 0.04 X 40, which equals 1.6 volts. If the contact is only one-quarter 
the surface, this drop would be 6.4 volts and might materially affect 
the speed of the motor. Thus, if the speed is below synchronous speed 
more than it should be, an investigation of the fit of the brush upon the 
collector may show up the trouble. 

If copper brushes are used, this trouble is much less liable to occur, 
since the drop of the voltage due to contact resistance when running at 
normal density (150 amp. per sq. in.) is only one-tenth that of carbon. 
The same trouble may occur owing to the pigtail, which is usually used 
with carbon brushes, making poor contact with the carbon, which gives 
the same effect as a poor contact with the collector itself. 
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219. Improper End Play in Induction Motors. —Induction motors are 
so designed that the revolving parts will play endwise in the bearing, 
He in. or so. If in setting up the machine the bearings so limit this end 
action that the rotor does not lie exactly in the middle of the stator, there 
is a strong magnetic pull tending to center the rotor. If the bearings 
will not permit this centering, the thrust collars must take the extra 
thrust, which in an induction motor is considerable. If in addition to the 
magnetic thrust the belt pull is such as also to draw in the same direction, 
the trouble is increased. The end force may be such as to heat the 
bearing excessively and to cause cutting, soon rendering the motor 
inoperative. 

In case of trouble with bearings, the end play should be tested by push¬ 
ing against the shaft with a small piece of wood, placed on the shaft 
center. With the machine operating under normal conditions there 
should be no particular difficulty in pushing the shaft first one way from 
one side, and then the other way from the other side. If it is found that 
the revolving part is hugging closely against one side, the trouble can be 
corrected by either pressing the .spider along the shaft in a direction 
toward which the hugging is occurring, or driving the tops of the lamina¬ 
tion teeth in the same direction. With a wooden wedge the tops of the 
teeth can often be without any difficulty driven over M to JKe in. This 
movement will usually correct the trouble. Driving the teeth of the 
stator % in. or so in the opposite direction to that of the end thrust will 
usually accomplish the same result. It is best to choose the teeth (stator 
or rotor) which are most easily driven 
over. The thin long ones move easier 
than do the short broad ones. 

220. Oil Leakage of Induction Motors. 

Sometimes a bearing will permit oil to 
be drawn out, perhaps a very little at a 
time. Ultimately enough will accumu¬ 
late to show on the outside or on the 
windings of the machine. Although a *'*«• »C.—Grooves to prevent oil 
motor will run for a period with its 

windings wet with ordinary lubricating oil without being apparently 
injured, insulation soaked with oil will deteriorate and eventually fail. 

One of the principal causes is a suction of the oil due to the drafts of air 
from the rotor, and one of the best methods of stopping the trouble, 
under ordinary conditions, is to cut grooves as shown in Fig. 96 at B and 
D. These grooves on a 50-hp. motor may be in. deep and Y\ g in. wide. 
Each groove has three holes drilled through the bearing shell to convey 
the oil collected by the grooves into the oil well. These grooves are just 
as effective with a split as with a solid bearing. It is impossible here to go 
into the various causes of oil leakage. The grooves as suggested are a 
general remedy and cover many cases. 
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221. General Summary of Synchronous-motor Troubles. —Failure of 
a synchronous motor to start is often due to faulty connections in the 
auxiliary apparatus. These should be carefully inspected for open 
circuits or poor connections. An open circuit in one phase of the motor 
itself, or a short circuit will prevent the motor from starting. Most 
synchronous motors are provided with an ammeter in each phase so that 
the last two causes can be determined from their indications—no current 
in one phase in case of an opefi circuit, and excessive current in case of a 
short circuit. Either condition will usually be accompanied by a decided 
buzzing noise, and a short-circuited coil will often be quickly burned out. 
The effect of a short circuit is sometimes caused by two grounds on the 
machine. 

Starting troubles should never be assumed until a trial has been made 
to start the motor light, i.e., with no load except its own friction. It may 
be that the starting load is too great for the motor. 

If the motor starts but fails to develop sufficient torque to carry its load 
when the field circuit has been closed, the trouble will usually be found in 
the field circuit. First, determine whether or not the exciter is giving 
its normal voltage. Assuming the exciter voltage to be correct, the 
trouble will probably be due to one of the following causes: (1) open cir¬ 
cuit in the field winding or rheostat or (2) short circuit or reversal of one 
or more of the field spools. Open circuit can often be located by inspec¬ 
tion or by use of the magneto. 

The majority of field troubles are caused by excessive induced voltage 
at start or by the field circuit being broken. This excessive voltage may 
break down the insulation between field winding and frame or between 
turns on any one field spool, thus short-circuiting one or more turns, or 
it may even burn the field conductor off, causing an open circuit. 

Causes of overheating in synchronous motors are about the same as 
those in a-c generators. Probably the most common cause of overheating 
is excessive armature current due to an attempt to make the motor carry 
its rated load, and at the same time compensate for a power factor lower 
than that for which it was designed. If the motor is not correcting low 
power factor but doing mechanical work only, the field current should be 
adjusted so that the armature current is minimum for the average load 
that the motor carries. 

222. Difficulties in Starting Synchronous Motors. —A synchronous 
motor starts as an induction motor. The starting torque, as in an induc¬ 
tion motor, is proportional to the square of the applied voltage. For 
example, if the voltage is halved, the starting effort is quartered. When 
a synchronous motor will not start, it may be because the voltage on the 
line has been pulled down below the value necessary for starting. 

In general, at least half voltage is required to start a synchronous 
motor. Difficulty in starting may also be caused by an open circuit in 
one of the lines to the motor. Assume the motor to be three phase. If 
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one of the lines is open the motor becomes single phase, and no single¬ 
phase synchronous motor, as such, is self-starting. The motor will, 
therefore, not start and will soon get hot. The same condition is true 
of a two-phase motor if one of the phases is open-circuited. 

Difficulty in starting may be due to a rather slight increase in static 
friction. It may be that the bearings are too tight, perhaps from cutting 
during the previous run. Excessive belt tension, in case the synchronous 
motor is belted to its load, or any cause which increases starting friction 
will probably give trouble. Difficulty in starting may be due to field 
excitation being on the motor. After excitation exceeds one-quarter 
normal value, the starting torque is influenced. With full field on, most 
synchronous motors will not start at all. The field should be short- 
circuited through a proper resistance during the starting period. 

Usually compensators are used for starting synchronous motors. If 
there is a reversed phase in a compensator or if the windings of the arma¬ 
ture of the synchronous motor are connected incorrectly, there will be 
little starting torque. Incorrect connection can be located by noting the 
unbalanced entering current. Readings to determine this unbalancing 
should be taken with the armature revolving slowly. The revolving can 
be effected by any mechanical means. While the motor is standing still, 
even with correct connections, the armature currents of the three phases 
usually differ somewhat. This is due to the; position of the poles in rela¬ 
tion to the armature, but, when the armature is revolving slowly, the 
currents should average up. If the rotor cannot be revolved mechani¬ 
cally, similar points on each phase of the armature must be found. Then 
when the rotor is set successively at these points the currents at each 
setting should be the same. Each phase, when located in a certain 
specific position as related to a pole, should, with right connections, 
take a certain specific current. With wrong connections the currents 
will not be the same. 

223. Open Circuit in the Field of a Synchronous Motor.—If in the 
operation of a synchronous motor the field current breaks for any reason, 
the armature current will largely increase, causing either a shutdown or 
excessive heat. It becomes important therefore in synchronous motors 
to have the field circuit permanently established. 

224. Short Circuit in an Armature Coil of a Synchronous Motor.—A 
short circuit in an armature coil of a synchronous motor burns it out com¬ 
pletely, charring it down to the bare copper. When this occurs, the 
symptoms are so evident that there is no difficulty in identifying the 
trouble. Such a coil may under ordinary circumstances be cut out and 
operation continued. In an induction motor, the current in the short- 
circuited coil rises only to a certain value but heats it many times more 
than normal. It is not necessarily burned out immediately, and perhaps 
it may not be burned out at all. 
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225. Hunting of Synchronous Motors.—Synchronous motors served 
by certain primary sources of energy tend to “hunt.” The periodicity 
of the swinging is determined by properties of the armature and the 
circuit. It may reach a certain magnitude and there stick, or the swing¬ 
ing may increase until finally the motor breaks down altogether. This 
trouble usually occurs on long lines having considerable resistance 
between the source of energy and the synchronous motor. Sometimes it 
occurs under the most favorable conditions. Irregular rotation of a 
prime mover, such as a single-cylinder steam engine, is often responsible 
for the trouble. The usual remedy is to apply to the poles bridges of 
copper or brass in which currents are induced by the wavering of the 
armature. These currents tend to stop the motion. Different com¬ 
panies use different forms of bridges. When hunting or pulsating occurs 
and the motor is not already equipped with bridges, it is best to consult 
the manufacturer. In general, the weaker the field on a synchronous 
motor, the less the pulsation. Sometimes pulsation may be so reduced 
that no trouble results, simply by running with a somewhat weaker field 
current. 

226. Improper Armature Connections in Synchronous Motors.—This 
trouble usually manifests itself by unbalanced entering currents and by 
a negligible or very low starting torque. The circuits should be traced 
out and the connections remade until the three entering currents for 
three phase, or the two entering currents for two phase, are approximately 
equal. These currents will not be equal even with correct connection 
when the armature is standing still. 

227. Bearing troubles of synchronous motors are similar to those of 
induction motors. A difference is that with a synchronous motor the 
air gap between the revolving element and the poles is relatively large, 
so that the wearing of the bearing, which throws the armature out of 
center, is not so serious as with an induction motor. End play should 
be treated the same as with an induction motor. 

228. Collector Rings and Brushes.—One of the most common sources 
of trouble with synchronous motors is sparking at the collector rings. 
Much of this trouble is due to the lack of proper care. The collector rings 
are one of the most important parts of the machine, and they should be 
frequently inspected. 

Any black spots that appear on the surface of the collector should be 
removed by nibbing lightly with fine sandpaper the first time that the 
machine is shut down. It is very important that this be done because, 
although these spots are not serious in themselves, they will lead to pitting 
of the rings and the necessity of regrinding. However, no harm is done 
to the rings if the condition is corrected at once. 

Sometimes an imprint of the brushes will be found on the surface of the 
collectors. This may occur on a machine which is subjected to moisture 
or acid fumes which will act on the surface of the ring. In case the 
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machine is shut down for any length of time, the fumes will act upon 
the surface of the ring except where it is in contact with the brushes. 
The surface of the ring will be slightly high at this point. This causes the 
brush to jump slightly and arc and thus burn its imprint on the ring. 

In such an installation it is good practice for the operator, when shut¬ 
ting down the machine, to apply a little paraffin to the rings as the 
motor comes to a stop and while they are still warm. In general, rings 
give better service when the motor is run continuously than when it is 
shut down part of the time. 

Another cause of brush imprint on the rings is a slight unbalance in the 
rotor, which causes a jerk or movement in the rings once every revolution. 
This results in jumping of the brush, with a consequent small arc, which 
in time burns an imprint of the brush on the ring. 

Brush imprints due to fumes will occur at any point where the motor 
happens to stop. Imprints due to a rotor unbalance will always occur at 
the same place on the ring relative to the rotor. 

Since there is always an electrolytic action on the surface of an iron 
ring, the collector operation is improved by occasionally reversing the 
polarity of the rings. Sometimes trouble will occur on one ring only, 
and by reversing the polarity every day or so the trouble will entirely 
disappear. 

Occasionally ring trouble will arise from a ring not being of uniform 
hardness, so that it wears unevenly. Such a ring should be replaced. 
Small pinholes in the surface of a cast-iron ring will not cause trouble. 

229. Bearing Troubles of Motors and Generators.—Modern generators 
and motors have self-oiling bearings. They should be filled to such a 
height that the rings will carry sufficient oil upon the shaft. If the bear¬ 
ings are too full, oil will be thrown out along the shaft. Watch the 
bearings carefully from the time the machine is first started until the 
bearings are warmed up, then note the oil level. The expansion of the oil 
due to heat and foaming raises the level considerably during that time. 
The oil should be renewed about once in 6 months, or oftener if it becomes 
dirty or causes the bearings to heat. 

The bearings must be kept clean and free from dirt. They should be 
examined frequently to see that the oil supply is properly maintained and 
that the oil rings do not stick. Use only the best quality of oil. New oil 
should be run through a strainer if it appears to contain any foreign 
substances. If the oil is used a second time it should first be filtered and, 
if warm, allowed to cool. If a bearing becomes hot, first feed heavy lubri¬ 
cant copiously, loosen the nuts on the bearing cap, and then, if the 
machine is belt connected, slacken the belt. If no relief is afforded by 
these means, shut down, keeping the machine running slowly until the 
shaft is cool, in order that the bearing may not “freeze.” Renew the 
oil supply before starting again. A new machine should always be run 
at a slow speed for an hour or so in order to see that it operates properly. 
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The bearings should be inspected at regular intervals to ensure that they 
always remain in good condition. The higher the speed, the more care 
should be taken in this regard. 

A warm bearing or “hot box” is probably due to one of the following 
causes: (1) excessive belt tension, (2) failure of the oil rings to revolve 
with the shaft, (3) rough bearing surface, and (4) improper lining up of 
bearings or fitting of the journal boxes. 

CARE OF MOTORS 44 

230. Modern methods of design and construction have made the elec¬ 
tric motor one of the least complicated and most dependable forms of 
machinery in existence and have thereby made the matter of its mainte¬ 
nance one of comparative simplicity. This statement should not, how¬ 
ever, be taken to mean that proper maintenance is not important; on the 
contrary, it must be given careful consideration if the best performance 
and longest life are to be expected from the motor. The two major 
features, from the standpoint of their effect upon the general performance 
of the motor, are those of proper lubrication and the care given to the 
insulation, because they concern the most vital, and probably the most 
vulnerable, parts of the machine. The former will be discussed here only 
with regard to its relation to the maintenance of the insulation. 

231. Lubrication.—The designs of bearings and bearing housings of 
motors have been wonderfully improved in the last few years. The 
point has now been reached where the bearings of modern motors, 
whether sleeve, ball, or roller, require only very infrequent attention. 

This advance in the art is not yet fully appreciated, for, although there 
may have been some necessity for more frequent attention in the case of 
older designs with housings less tight than on modern machines, oiling 
and greasing of new motors is quite often entrusted to uninformed and 
careless attendants, with the result that oil or grease is copiously and 
frequently applied to the outside as well as the inside of bearing housings. 
Some of the excess lubricant is carried into the machine and lodges on 
the windings, where it catches dirt and thereby hastens the ultimate 
failure of the insulation. 

The modern designs provide for a plentiful supply of oil or grease being 
held in dusttight and oiltight housings. If the proper amount of a 
suitable lubricant is applied before starting, there should be no need to 
refill the housings for several months, even in dusty places. Infrequent 
though periodic and reasonable attention to modern bearings of any type 
will tend toward longer life of both bearings and insulation. 

232. Care of Insulation. —Motors should be stored in a dry, clean place 
until ready for installation. Heat should be supplied, especially for 
larger high-voltage machines, to protect against alternate freezing and 
thawing. This is equally applicable to spare coils. 

B Courtesy of General Electric Company. 
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Motors that have been long in transit in moist atmosphere or have 
been idle for an extended period without heat to prevent the accumulation 
of moisture should be thoroughly dried out before being placed in service. 
Machines may also become wet by accident, or they may “sweat” as a 
result of a difference in their temperature and that of the surrounding air, 
just as cold water pipes “sweat” in a warm, humid atmosphere. This 
condition is, of course, very injurious and should be prevented, particu¬ 
larly in the case of large or important motors, by keeping them slightly 
warm at all times. Current at a low voltage can be passed through the 
windings, electric heaters can be used, or even steam pipes can be utilized 
for protective purposes. In the case of extended idle periods, tarpaulins 
may be stretched over the motor and a small heater put inside to main¬ 
tain the proper temperature. 

233. Drying Out.—If a motor has become wet from any cause what¬ 
ever, it should be dried out thoroughly before being operated again. The 
most effective method is to pass current through the windings, using a 
voltage low enough to be safe for the winding in its moist condition. For 
2,200-volt motors, 220 volts is usually satisfactory for circulating this 
drying-out current. Thermometers should be placed on the windings to 
see that they are being heated uniformly. Temperatures should not 
exceed 90°C. (Class A insulation). Applying the heat internally in this 
manner drives out all moisture and is particularly effective on high-volt¬ 
age motors, where the insulation is comparatively thick. 

Heat may be applied externally by placing heating units around or in 
the machine, covering the whole with canvas or other covering and leav¬ 
ing a vent at the top to permit the escape of moisture. In doing this it is 
essential that there be a circulation of warm air over all the surfaces to 
be dried. The air should be allowed to escape as soon as it has absorbed 
moisture. Therefore, the heaters should be so placed and baffles so 
arranged as to get a natural draft; or small fans may be used to force 
circulation. Twelve-inch fans set to blow air across the fronts of “glow 
heaters” and then into the lower part of a machine from opposite sides, 
and so on up around the windings and out the top, will produce excellent 
results. The temperature of the winding should not be allowed to 
exceed 100°C. for Class A insulated motors. Smaller machines may 
conveniently be placed in ovens, the same temperature limits being 
observed. 

233A. Insulation-resistance Tests.—The time required for complete 
drying out depends considerably on the size and voltage of the motor. 
Insulation-resistance measurements should be taken at intervals of 4 or 
5 hr. until a fairly constant value is reached. This value should at least 
equal the recommended American Institute of Electrical Engineers 
Standard, which is 


Me * ohm8 = kvalTaoO 


(») 
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The insulation resistance of dry motors in good condition is considerably 
higher than this value. 

The more convenient way to measure this resistance is through the use 
of a megohmmeter, although if a 500-volt, d-c source is available readings 
can be taken with a voltmeter. The ungrounded side of the system 
should be connected to all the motor terminals through the voltmeter, 
the opposite or grounded side being connected directly to the motor frame. 
The insulation resistance is found by the method of Sec. 175 of Div. 1. 

In using the voltmeter method, the connection to the frame should 
always be made through a fuse of not more than 10 amp. in size. The 
circuit should be tested, and the side showing a complete or partial ground 
then connected to the frame through the fuse. 

Obviously, the insulation resistance varies over a wide range, depend¬ 
ing upon moisture, temperature, cleanliness, etc., but it is a good indica¬ 
tion of the general condition of the insulation and its ability to stand the 
operating voltage. Such readings should be taken before a high-potential 
test, to determine whether the insulation is ready for such a test, and 
afterwards to make sure that the high potential has not injured the 
insulation. 

233B. High-potential Tests.— High-potential tests should be made after 
drying out, or after repairs, to determine the dielectric strength of the 
insulation. New windings should successfully stand a high-potential 
test of twice normal voltage plus 1,000. There is some disagreement as 
to the proper value to use for motors that have been in operation for some 
time, but it is reasonable to assume that, after thorough cleaning and 
drying, the winding of a used motor should stand 150 per cent of normal 
voltage for 1 min. 

Small high-potential testing sets are available for such work and are of 
such capacity that very little damage will result from a breakdown during 
the test. 

233C. Periodic Inspection. —A systematic and periodic inspection of 
motors is necessary to ensure best operation. Of course, some machines 
are installed where conditions are ideal, where dust, dirt, and moisture 
are not present to an appreciable degree; but most motors are located 
where some sort of dirt accumulates in the windings, lowering the insula¬ 
tion resistance and cutting down creepage distances. Steel-mill dusts 
are usually highly conductive, if not abrasive, and lessen creepage dis¬ 
tances. Other dusts are highly abrasive and actually cut the insulation in 
being carried through by the ventilating air. Fine cast-iron dust quickly 
penetrates most insulating materials. Hence the desirability of cleaning 
the motors periodically. If conditions are extremely severe, open 
motors might require a certain amount of cleaning each day. For less 
severe conditions, weekly inspection and partial cleaning are desirable. 
Most machines require a complete overhauling and thorough cleaning 
about once a year. 
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For the weekly cleaning, the motor should be blown out, using 
moderate-pressure, dry, compressed air (or about 25 to 30 lb. per sq. in. 
pressure). Where conducting and abrasive dusts are present, even 
lower pressure may be necessary, and suction is to be preferred, as 
damage can easily be caused by blowing the dust and metal chips into 
the insulation. On most d-c motors and large a-c motors the windings 
are usually fairly accessible, and the air can be properly directed to 
prevent such damage. 

On the larger a-c machines the air ducts should be blown out so that 
the ventilating air can pass through as intended. 

On large machines, insulation-resistance readings should be taken in 
the manner heretofore indicated. As long as the readings are consistent, 
the condition of the insulation would ordinarily be considered good. Low 
readings would indicate increased current leakage to ground, or to other 
conductors, owing to one of perhaps several causes, such as deteriorated 
insulation, moisture, dirty or corroded terminals, etc. 

234. Cleaning.—About once a year, or oftener if conditions warrant, 
motors should be overhauled. Smaller motors, the windings of which 
are not particularly accessible, should be taken apart. 

First, the heavy dirt and grease should be removed with a heavy, stiff 
brush, wooden or fiber scrapers, and cloths. Rifle-cleaning bristle 
brushes can be used in the air ducts. Dry dust and dirt may be blown 
off, using dry compressed air at moderate pressure, for example, 25- to 
50-lb. pressure at the point of application, taking care to blow the dirt 
out from the winding. As stated before, if the dirt and dust are metallic, 
conducting, or abrasive, air pressure may drive the material into the 
insulation and damage it. Hence, for such conditions, pressure is not so 
satisfactory as a suction system. If compressed air at low pressure is 
used, care must be taken to direct it properly so that the dust will not 
cause damage and will not be pocketed in the various corners. 

Grease, oil, and sticky dirt are easily removed by applying cleaning 
liquids like carbon tetrachloride (Pyrene, Oarbona), gasoline, or naphtha. 
All these liquids evaporate quickly and, if not applied too generously, 
will not soak or injure the insulation. Carbon tetrachloride is best and 
is recommended because it is noninflammable. 

In case one of the other liquids must be used, it should be applied 
out-of-doors or in a well-ventilated room. It must be remembered that 
gasoline or naphtha vapor is heavier than air and will flow into pits, base¬ 
ments, etc., and may remain there for hours or even days. The casual 
smoker or a spark from a hammer or chisel or even from a shoe nail may 
cause a serious explosion. Therefore, proper ventilation of the room 
is essential and may require specially piped ventilating fans. In using 
carbon tetrachloride the explosion hazard is obviated, but some ventila¬ 
tion is required to remove the vapor, which might affect the safety and 
comfort of the workmen. 
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There are several good methods of applying the cleansing liquid. A 
cloth, saturated in the liquid, may be used to wipe the coils. A paint 
brush, dipped in carbon tetrachloride, is handy to get ihto corners and 
crevices, and between small coils. Care should be taken not to soak the 
insulation, as would be the case if coils or small machines were dipped 
into the liquid. 

Probably the best method of applying the liquid is to spray it on. A 
spray gun, paint-spraying appliance, or an ordinary blowtorch is often 
used with good results, although the latter device is likely to give a heavier 
spray than desirable. 

An atomizer will give excellent results, using a pressure of about 80 lb. 
if the insulation is in good condition, or 40 to 50 lb. if the insulation is old. 
The atomizer should be held not more than 5 or 6 in. away from the coils. 

Although the insulation will dry quickly at ordinary room temperature 
after such cleaning methods, it is highly desirable to heat it to drive off all 
moisture before applying varnish. This heating or drying-out process 
has already been discussed and therefore need only be mentioned here. 

If the motor can be spared from service long enough, the insulation 
should be dried out by heating to from 90 to 100°C. While the motor is 
warm, a high-grade insulating varnish should be applied. For severe 
acid, alkali, or moisture conditions, a black plastic baking varnish is 
best, while for conditions where oil or dusts are present a clear or yellow 
varnish should be used. 

The varnish may be sprayed or brushed on. For small stators or 
rotors, it is best to dip the windings into the varnish, cleaning off the 
adjacent metal parts afterwards by using a solvent of the varnish. After 
applying the varnish, the best results are obtained by baking for 6 to 7 hr. 
at about 100°C. Experience with particular conditions of operation, or 
the condition of the insulation, may indicate the desirability of applying 
a second coat of the same varnish, followed again by 6 to 7 hr. of baking 
at 100°C. 

If the machine must be put back in service quickly, or if facilities are 
not available for baking, fairly good results will be obtained by applying 
one of the quick-drying black or clear varnishes which dry in a few hours 
at ordinary room temperatures. 

Insulation-resistance readings should be taken, as explained previously, 
to determine whether the winding is in satisfactory condition for applying 
a high-potential test. After this test, it is good practice to run the motor 
without load for a short time, to make certain that everything has been 
connected, assembled, and adjusted properly. 

CONTROL OF MOTORS 

235. Electric Controller Terminology. Acid-resistant Apparatus.— 

Apparatus so constructed that it will not be readily injured by acid 
fumes. 
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Constant-torque Resistor (Machine Duty). 1 —A resistor for use in the 
armature or rotor circuit of a motor in which the current remains prac¬ 
tically constant throughout the entire speed range (American Standard). 
This means that the horsepower output of the motor decreases directly 
with the speed, as in the case of a motor driving a plunger pump. Here, 
the work done by the motor at one-half speed is one-half that done at 
full speed. The term “machine duty” is not meant to imply that any 
motor driving a machine should have a machine-duty resistor. 

Continuous Duty. —A requirement of service that demands operation 
at substantially constant load for an unlimited period (American 
Standard). 

Dripproof Apparatus. —Apparatus so constructed or protected that its 
successful operation is not interfered with when subjected to falling mois¬ 
ture or dirt (American Standard). 

Driptight Apparatus. —Apparatus so protected as to exclude falling 
moisture or dirt. Driptight apparatus may be semienclosed apparatus 
if it is provided with suitable protection integral with the apparatus or so 
enclosed as to exclude effectively falling solid or liquid material (American 
Standard). 

Drum Controller. —A drum controller is a controller that utilizes a 
drum switch as the main switching element (American Standard). 

Drum Switch. —A drum switch is a switch having electric connecting 
parts in the form of fingers, held by spring pressure against contact seg¬ 
ments or surfaces on the periphery of a rotating cylinder or sector (Ameri¬ 
can Standard). 

Dustproof Apparatus. —Apparatus so constructed or protected that the 
accumulation of dust will not interfere with its successful operation 
(American Standard). 

Dusttight Apparatus. —Apparatus so constructed that dust will not 
enter the enclosing case (American Standard). 

Duty of a Controller.—The specific function or functions that are 
designed to be accomplished with respect to the operation of the motor, 
such as starting, speed control, reversing, and stopping and, in addition, 
the frequency and length of time of operation (American Standard). 

Electric Controller. —A device, or group of devices, which serves to 
govern in some predetermined manner the electric power delivered to the 
apparatus to which it is connected (American Standard). 

Note. — The term controller therefore is properly applied to dial-type starters, rheo¬ 
stats, contactor panels, etc. It is not limited to controllers of the drum type. 

Pan-duty Resistor. 1 —A resistor for use in the armature or rotor circuit 
of a motor in which the current is approximately proportional to the 
speed of the motor (American Standard). For example, a fan driven 

1 The two types of regulating resistors are laid out very differently in ohmic value and 
current-carrying capacity and cannot be used interchangeably. All orders for such 
resistors should specify whether they are for machine or fan duty. 
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at one-half its normal speed requires less than one-half as much torque 
as it would require running at its normal speed, and the work done by 
the motor will be less than one-quarter as much as that done at normal 
speed. 

Full-magnetic Controller. —A controller having all its basic functions 1 
performed by electromagnets (American Standard). 

Example. —One which perforins all its operations after the closure of the master switch, 
such as a magnetic control panel with a “start-stop,” push-button station. 

Fume-resistant Apparatus. —Apparatus so constructed that it will not 
be readily injured by the specified fumes (American Standard). 

Gasproof Apparatus. —Apparatus so constructed or protected that the 
specified gas will not interfere with its successful operation (American 
Standard). 

Gastight Apparatus. —Apparatus so constructed that the specified gas 
will not enter the enclosing case under specified conditions of pressure 
(American Standard). 

Isolating Switch. —An isolating switch is a switch intended for isolating 
an electric circuit from the source of power. It is intended to be operated 
only when the circuit has been opened by some other means (American 
Standard). 

Machine Duty. —See Constant-torque Resistor. 

Magnetic Contactor. —A contactor actuated by electromagnetic means 
(American Standard). 

Example. —Shunt contactor. 

Manual Controller. —A controller having all its basic functions 1 per¬ 
formed by hand (American Standard). 

Example. —A hand-starting rheostat or drum-type controller. 

Master Switch. —A device which serves to govern the operation of 
contactors and auxiliary devices of an electric controller (American 
Standard). 

Example. —A master switch may be automatic, such as a float switch or pressure 
icgulatoi, or it may be manually operated, such as a drum, push-button, or knife switch. 

Moisture-resistant Apparatus. —Apparatus so constructed or treated 
that it will not be readily injured by a moist atmosphere. (Such appara¬ 
tus shall be capable of operating in a very humid atmosphere, such as 
found in mines, evaporating rooms, etc.) (American Standard.) 

Open-phase Relay. —A relay that functions by reason of the opening of 
one phase of a polyphase circuit (American Standard). 

Overload Protection. —The effect of a device operative on excessive 
current, but not necessarily on short circuit, to cause and maintain the 

1 By “basic function” is usually meant acceleration, retardation, line closing, and 
reversing (American Standard). 
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interruption of current flow to the device governed. When it is a func¬ 
tion of a controller for a motor, device employed shall provide for inter¬ 
rupting any operating overloads 1 but shall not be required to interrupt 
short circuits (American Standard). 

Overload Relay. —An overcurrent relay in the circuit of a motor that 
functions at a predetermined value of the current to cause the disconnec¬ 
tion of the motor from the line (American Standard). 

Periodic Duty. —A requirement of service that demands operation for 
alternate periods of load and rest in which the load conditions are well 
defined and recurrent as to magnitude, duration, and character (American 
Standard). 

Phase-failure Protection. —The effect of a device, operative on the 
failure of power in one wire of a polyphase circuit, to cause and maintain 
the interruption of power on the circuit (American Standard). 

Phase-reversal Protection. —The effect of a device, operative on the 
reversal of the phase rotation on a polyphase circuit, to cause and main¬ 
tain the interruption of power in all the circuit (American Standard). 

Relay. —A device that is operative by a variation in the conditions of 
one electric circuit to effect the operation of other devices in the same or 
another electric circuit (American Standard). 

Semimagnetic Controller. —A controller having part of its basic func¬ 
tions 2 performed by electromagnets and part by other means (American 
Standard). 

Service of a Controller. —The specific application in which the con¬ 
troller is to be used, as for example: 

1. General purpose, which covers the occasional starting of motors. 

2. Crane and hoist. 

3. Elevator. 

4. Machine tool, etc. (American Standard.) 

Sleetproof Apparatus. —Apparatus so constructed or protected that the 

accumulation of sleet will not interfere with its successful operation 
(American Standard). 

Splashproof Apparatus. —Apparatus so constructed and protected that 
external splashing will not interfere with its successful operation (Ameri¬ 
can Standard). 

Submersible Apparatus. —Apparatus so constructed that it will operate 
successfully when submerged in water under specified conditions of pressure 
and time (American Standard). 

Temperature Relay. —A relay that functions at a predetermined tem¬ 
perature in the apparatus protected (American Standard). 


1 By “operating loads” is meant a current not in excess of six times the rated full-load 
current for a-c motors, or four times the full-load current for d-c motors (American 
Standard). 

2 By “basic function” is usually meant acceleration, retardation, line closing, and 
reversing (American Standard). 
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Undervoltage Protection. —The effect of a device, operative on the 
reduction or failure of voltage, to cause and maintain the interruption of 
power to the main circuit (American Standard). 

Undervoltage Release. —The effect of a device, operative on the reduc¬ 
tion or failure of voltage, to cause the interruption of power to the main 
circuit, but not to prevent the re-establishment of the main circuit on 
return of voltage (American Standard). 

Watertight Apparatus. —Apparatus so constructed that a stream of 
water from a hose (not less than 1 in. in diameter), under a head of about 
35 ft. and from a distance of about 10 ft., can be played on the apparatus 
for several minutes without leakage (American Standard). 

Weatherproof Apparatus. —Apparatus so constructed or protected that 
exposure to the weather will not interfere with its successful operation 
(American Standard). 

236. Enclosure of Controllers. —Except where the control equipment 
is mounted on switchboard panels under the control of experienced 
operators, the control equipment of motors should be enclosed in a metal 
case. Different types of enclosures, such as general purpose, dripproof, 
watertight, etc., are available to meet the requirements of any surround¬ 
ing conditions. For definitions of these terms, refer to Sec. 235. Most 
general-purpose controllers are enclosed in a sheet-metal case. If a 
controller must be placed in a hazardous location in explosive atmospheres 
the advice of the experts of the control manufacturers should be con¬ 
sulted. The standard types of nonventilated enclosures furnished by one 
manufacturer are given in Sec. 237. They are typical of the types 
available. 

237. Classification of Standard Types of Nonventilated Enclosures for 
Electric Controllers (General Electric Company). 

Type I. General Purpose. —A sheet-metal case designed to meet 
such general specifications of the Underwriters’ Laboratories for enclo¬ 
sures as may be in effect from time to time, and primarily to protect 
against accidental contact. 

Type I case is suitable for general-purpose application, indoors, and 
where atmospheric conditions are normal. It serves as protection 
against dust and against light indirect splashing but is not dusttight. 

Felt gaskets can be provided as an option. 

Type II. Driptight. —A sheet-metal case similar to Type I, with the 
addition of drip shields or their equivalent. 

Type II case is suitable for application where condensation may be 
severe, as in cooling rooms and laundries. It meets the requirements of 
N.E.M.A. definitions IC50-30 and IC50-33. 

Type III. Weather-resisting. —A case of cast construction, or of 
sheet metal of suitable rigidity, with proper protection against weather 
hazards, as rain and sleet. 
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Type III case is suitable for outdoor application, as on docks, canal 
locks, and construction work and also for application in subways and 
tunnels. It meets the requirements of N.E.M.A. definitions IC50-35, 
IC50-45, IC50-48, and IC50-58. 

Type IV. Watertight. —A case of cast construction, or of sheet 
metal of suitable rigidity, designed to meet the hose test described in 
N.E.M.A. definition IC50-43. 

Type IV case is suitable for application outdoors, on ship docks, and in 
dairies, breweries, and similar locations. 

Type V. Dusttight. —A case of cast construction, or of sheet metal 
of suitable rigidity, and provided with gaskets or the equivalent to 
exclude dust. It meets such requirements of N.E.M.A. definition 
IC50-28, and of the National Electrical Code for Class III and Class IV 
locations, as may be in effect from time to time. 

Type V case is suitable for application in steel mills, cement mills, and 
other locations where it is desirable to exclude dust. 

Type VI. Submersible. —A case designed to meet the requirements 
of N.E.M.A. definition IC50-50. 

Type VI case is suitable for application where it may be subject to 
submersion in water, as in quarries, mines, and manholes. The design 
will depend on the specified conditions of pressure and time. 

Wiping joints for cable connection can be provided as an option. 

Type VII. Hazardous Locations: ('lass 1, Air-break. —A case 
designed to meet the application requirements of the National Electrical 
Code for ('lass I, Group I), hazardous locations that may be in effect 
from time to time, and in accordance with the Underwriters’ Laboratories’ 
specifications that may be in effect from time to time. 

Type VIII. Hazardous Locations: Class I, Oil-immersed. —A 
case designed for the application requirements of the National Electrical 
('ode for ('lass I, Group 1), hazardous locations that may be in effect 
from time to time, and in accordance with the Underwriters’ Labora¬ 
tories’ specifications that may be in effect from time to time; the appara¬ 
tus being immersed in oil. 

Type IX. Hazardous Locations: Class II.—A case designed for the 
application requirements of the National Electrical Code for Class II 
hazardous locations that may be in effect from time to time, and in 
accordance with the Underwriters’ Laboratories’ specifications. 

Type X. Bureau of Mines. —A case designed to meet the require¬ 
ments of the U.S. Bureau of Mines. 

Type X case is for application in coal mines. 

Note 1 . —When an enclosure is required to meet N.E.M.A. definition 
IC50-53 (gasproof) or IC50-55 (gastight), the selection of a suitable type 
will depend on whether protection is desired against corrosion or against 
explosion and fire. 



714 


AMERICAN ELECTRICIANS* HANDBOOK [Div. 5 


Note 2.—When an enclosure is required to meet N.E.M.A. definition 
IC50-60 (acid resistant), or IC50-63 (fume resistant), the design will 
depend on the condition of exposure. 

238. Electric controllers are classified according to the method of 
performing the necessary operations, as follows: 

1. Manual. 

2. Magnetic. 

a. Full magnetic with automatic master switch. 

b. Full magnetic with manual master switch. 

c. Semimagnetic. 


In a manual controller all the basic operations, such as closing of 
switches and movement of rheostat handles, etc., are performed by hand. 

In a magnetic controller the basic functions of closing of switches or 
movement of rheostat handles are performed by magnetic contactors (see 
Sec. 235). A full-magnetic controller is one 
which automatically performs all its opera¬ 
tions in the proper sequence after the closure 
of a master switch. The master switch for a 
full-magnetic controller, such as a float switch, 
a pressure switch or regulator, or a time 
switch, is frequently automatically operated. 
In other cases, the master switch, such as a 
push-button, drum, or knife switch, is manu¬ 
ally operated. A semimagnetic controller 
operates with a combination of manual and 
magnetic performance. In some cases, part 
of the basic operations are performed by hand 
and the rest by means of magnetic con¬ 
tactors. In other types of semimagnetic con¬ 
trollers, all the basic operations are performed 
with magnetic contactors, but the time and 
sequence of the operation of the contactors is 
* T" controlled by hand. 

tactor. (. Electric Controller . . v . . 

& Manufacturing Co.) 239. A magnetic contactor is a switch op¬ 

erated by an electromagnet. One form of 
magnetic contactor is shown in Fig. 97, which illustrates the basic 
parts. It consists of a stationary electric magnet, as at a in Fig. 97, 
a movable iron armature 6, on which is mounted an electrical contact 
c and a stationary electrical contact d. When there is no current 
flowing through the operating coil e of the electrical magnet a, the arma¬ 
ture is held away from the magnet by means of gravitational force or a 
spring. Under this condition the contacts c and d are open. When 
the operating coil is energized, the magnet attracts the armature and 
closes the electrical contacts c and d. 
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Magnetic contactors may be of the shunt or series type, depending 
upon the connection of the operating coil. In the shunt contactor the 
operating coil is connected across the terminals of the circuit or portion 
of the circuit that the contactor is controlling. In some cases the operat¬ 
ing coil of a shunt contactor might be connected to a separate source of 
supply from the circuit controlled by the contactor. A series contactor 
has its operating coil connected in series with the circuit which is con¬ 
trolled by the contactor. 

240. Series contactors for motor-control application are constructed 
so that the contactor will not close until the current of the circuit has 
dropped below a definite value. They are made in two general forms: 
single coil and two coil. The single-coil type is referred to simply as a 
series contactor, while the two-coil type is called a 
series lockout contactor. Both of the types, how¬ 
ever, possess the lockout feature of the contactor, 
i.e., they are held open until the current has drop¬ 
ped to some definite value. 

The general principle of operation of the single- 
coil type can be understood from a study of Fig. 98. 

The current passing through the operating coil pro¬ 
duces an m.m.f. which acts upon two magnetic 
paths. One path is through the core of the coil, a 
section of restricted area A, the armature, and main 
air gap back to the core of the coil. The other 
path is through the core of the coil, adjustable air gap, tail of armature 
B, armature, and main air gap back to the core of the coil. When no 
current is passing through the coil, the armature is in the open position. 
When a large current is passing through the operating coil, the m.m.f. is so 
strong that the part A of restricted area becomes saturated so that the 
flux through this part cannot exceed a certain amount. The magnetic 
flux through the adjustable air gap and part B will vary with the current 
through the operating coil, and this path will not become saturated. 
Any flux passing across the adjustable air gap produces an attracting force 
on the tail of the armature B which tends to hold the armature open 
against the closing force exerted between the core and the main part of 
the armature. As the current reduces in value, the flux across the 
adjustable air gap reduces and thus reduces the holding-out force on tail 
B. After the current has reduced to a certain value, which depends upon 
the adjustment of the adjustable air gap, the holding-out force on tail 
B is not sufficient to overcome the closing force exerted by the core upon 
the main part of the armature, and the contactor closes. 

In the two-coil type or series contactor (Fig. 99), two coils are con¬ 
nected in series with each other and the circuit to be controlled. The 
armature is pivoted so that one coil, the larger of the two, acts Upon one 
side of the armature, exerting a force tending to close the cpntactor. The 



contactor operating 
magnet. 



716 


AMERICAN ELECTRICIANS ’ HANDBOOK [Div. 5 


smaller coil acts upon the other side of the armature and exerts a force 
tending to hold the contactor open. The areas of the magnetic circuits 
are so designed that the force tending to close the contactor remains 
practically constant regardless of the value of current, while the force 
tending to hold the contactor open varies with the current. Therefore, 
after the current has decreased to a certain value, the holding-out force is 
not sufficient to overcome the closing force, and the contactor closes. 

The air gap of the locking-out circuit can be ad¬ 
justed so that the current above which the con¬ 
tactor holds open can be adjusted over a wide 
range. 

241. Overload Protective Devices. —Most 
motor controllers have incorporated with them 
as an integral part of the controller some device 
for protecting the motor against overloads that 
will be harmful to the motor. These overload 
protective devices are made in many different 
types and forms of construction, depending upon 
the ideas of the different manufacturers of con¬ 
trol equipment. Those made by reliable manu¬ 
facturers have the approval of the National 
Board of Fire Underwriters. Before purchasing 
control equipment, care should be taken to make 

99. —Magnetic sure ^at ^he C q U ip men t has been passed by this 
con actor. Board M thf followinK typeg of overload pro . 

tective devices are used in motor-control equipment. 

1. Standard fuses. 

2. Super-time-lag fuses. 

3. Thermal cutouts. 

4. Thermal release devices. 

5. Thermal relays. 

6. Magnetic overload relays. 

For a description of these devices see Div. 4. 

For selection of overload protective devices with respect to both size 
and type refer to Secs. 434, 434A, 435, and 435A. 

242. Undervoltage Devices. —Most motor starters are provided with 
either an undervoltage protective device or an undervoltage release 
device. 

An undervoltage protective device is one which opens the supply circuit 
to the motor upon failure or reduction of voltage and which maintains the 
circuit open until it is again closed by the operator. 

An undervoltage release device is one which operates on a reduction or 
failure of voltage, thereby opening the main circuit, but it does not pre¬ 
vent the automatic reclosing of the main circuit upon the return of normal 
voltage. It is applied in conjunction with some automatic starters. In 
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certain applications, such as fans, blowers, and pumps, an automatic 
starter provided with an undervoltage release may be advantageously 
used. Its operation on a reduction or failure of voltage will stop the 
motor. Then the reestablishment of voltage causes the automatic 
starter to restart the motor, thus minimizing the shutdown period. 
An undervoltage release should not be employed in applications where 
an unexpected return of power would endanger an operator. 

243. The methods of controlling the acceleration of motors with the 
type of power system on which they may be used are given below: 


A. 

B. 

C. 


Methods 

No control (across-the-line starting). 

Manual. 

Automatic: 

1. Time: 

a. Escapement. 

b. Solenoid with action retarded by an 

adjustable dashpot. 

e. Mercury timer. 

d. Synchronous-motor timer relay. 

e. Inductive time limit. 

/. Condenser charge (neotime). 

2. Current. 

3. Counter-e.m.f. 

4. Time current: 

a. Magnetic relay. 

b. Condenser charge (neotime current). 

5. Frequency. 


Applicable to 
A-c and small d-c motors 
A-c and d-c 


A-c and d-c 
D-c 

A-c and d-c 
A-c 

A-c and d-c 
A-c or d-c 
A-c and d-c 
D-c 

D-c 

A-c 

A-c 


The simplest method is of course no control, in which the motor is thrown 
directly across the line by means of a manual or magnetic switch. The 
speed of acceleration of the motor and the magnitude and duration of the 
starting current depend solely upon the characteristics of the motor and 
its connected load. 

With manual control of the acceleration the speed of acceleration 
depends upon the judgment of the operator. Manual control of accelera¬ 
tion can be obtained through the use of manual controllers or semi- 
magnetic controllers. In the semimagnetic controllers of this type the 
time and sequence of closing of the magnetic contactors is controlled by 
means of a manually operated master switch. 

With automatic acceleration the only part of the starting operation 
that may be dependent upon the operator is the initiation of the sequence 
of events (such as pushing a start button). When this is done, the result¬ 
ing sequence of operations is automatically performed and controlled by 
means of contactors alone or contactors controlled by relays. 

244. In time-limit acceleration the closing of the respective contactor 
contacts is controlled by a timing device so that the starting resistance is 
shorted out of the circuit, or connections to the autotransformer are 
changed, in a certain definite time. Most modem automatic starters are 
of the time-limit type. They are used for all general-purpose applica- 
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tions. The other types of automatic acceleration are used for special 
applications where they have advantages over the time-limit type. The 
timing of the closing of the respective contactors for time-limit accelera¬ 
tion may be accomplished in several ways as listed in Sec. 243. 

245. A general understanding of time-limit control of acceleration by a 
pawl-and-ratchet escapement mechanism can be obtained from a study 
of the typical starter of this type for a d-c motor such as is shown in 
Fig. 100. The four contacts A, B, C, and D are all connected by spring 
connections to the same arm, which is operated by the solenoid coil. 
Pushing the start button closes a circuit from the positive side of the line 
through the solenoid coil to 2, through the start and stop push buttons to 
3, and back to the negative side of the line. The solenoid now being 
energized exerts a torque upon the multifinger contact arm and closes 
the main contact. This connects the armature of the motor to the 
line in series with the total starting resistance. The closing of the 
main-line contact also connects the shunt field of the motor directly 
across the line. As soon as the solenoid is energized and closes the 
main contact, the accelerating contactors B , f7, and I) also try to dost*, 
since all the contact fingers are connected to the same arm. The arm is 
prevented from moving far enough to close the accelerating contacts by 
means of the timing mechanism. The stationary contacts are so arranged 
that it requires a greater movement of the contact arm to close each 
consecutive contact. The movement of the contact arm is controlled by 
the timing mechanism. The contact arm is connected by a pawl-and- 
ratchet mechanism to the timing device. The torque exerted by the 
solenoid attempting to close the accelerating contacts is transmitted 
through the pawl-and-ratchet mechanism to the gears of the timing 
device, causing them to rotate. The escapement of the timing device 
permits the gears to rotate only at a certain rate. At a certain definite 
time after the closing of the main-line contact A, the timing mechanism 
has allowed its gears to rotate sufficiently so that the pawl and ratchet 
will allow contact finger B to close. The closing of contact finger B 
shorts out the section R\R 2 of the starting resistance. As the gears of the 
timing device continue to rotate under the torque exerted upon them by 
the solenoid through the contact arm and pawl-and-ratchet mechanism, 
the contacts C and D will be allowed to close with the proper time interval 
between each closing. When contact D closes, the motor will be con¬ 
nected directly across the line. 

At the same time that the contact arm closes the main-line contact, 
it acts upon the auxiliary switch 2£, opening contact 4-2 and closing con¬ 
tact 2-1. A closed circuit is thus maintained through the solenoid coil 
when the start button is released. 

The parts F and G are, respectively, the heater element and contacts 
of a temperature overload relay. In case of an overload the heating 
of the element F opens the contact G. The opening of contact G opens 



Div. 5] 


GENERATORS AND MOTORS 


719 


the circuit of the solenoid coil so that the contact arm returns to the “off” 
position, disconnecting the motor from the line. This starter provides 
undervoltage protection. If the voltage drops to too low a value, the 




Fig. 100.—Time-limit starter for direct-current motor, (i General Electric CoJ) 

solenoid coil is not energized sufficiently to hold the contactor arm closed. 
The motor will not start again until the operator pushes the start button. 

The timing mechanism consists of a simple pendulum arrangement 
similar to the escapement on a clock. It can be adjusted to give a total 
accelerating period of from 2 to 8 sec. 

Escapement time relays are frequently used in controllers for control 
of the acceleration contactors. The relay is similar in operation to the 
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multifinger contactor of the previously described starter. The relay, of 
course, has much smaller contact fingers since the contacts have only to 
carry much smaller values of currents. In the operation of such a relay 

the operating coil of the relay 
would be energized after the main¬ 
line motor contactor closes. The 
relay will then automatically close 
its successive contacts with a defi¬ 
nite time delay between the closing 
of the respective contacts. As 
each contact is closed it will 
energize the operating coil of an 
accelerating contact. 

246. With time-limit accelera¬ 
tion provided by means of a 
solenoid with action retarded by 
an adjustable dashpot, the opera¬ 
tion is similar to that of the 
escapement type except that the 
motion of the contactor operating 
arm is controlled by means of an 
oil dashpot attached to the lower part of the operating rod of the sole¬ 
noid. A typical assembly of a multifiriger contact arm operated by a 
solenoid and retarding dashpot are shown in Fig. 101. The time of the 
accelerating period may be adjusted by a 
screw on the outside of the dashpot which 
adjusts the oil escapement orifice. 

247. The mercury dashpot timer con¬ 
sists of a rubber vacuum cup, operating in 
a molded bakelite pot containing mercury, 
and an operating plunger which actuates 
the contacts. The plunger is actuated by 
means of a lever attached to the arm of a 
contactor. When the contactor is open 
(Fig. 102) the rubber vacuum cup at the 
lower end of the plunger is pressed down 
against the hollow of the mercury pot. 

When the contactor closes, removing the 
weight of the contactor arm from the relay, 
a spring tends to pull the vacuum cup from 
the bottom of the mercury pot, but opera¬ 
tion is prevented until mercury flows 
through an orifice in the plunger to fill the vacuum cup. The plunger at 
its upper end carries a contact bridge which opens one set of contacts and 
closes another set as the relay operates. For normal acceleration duty, 



Fig. 102. —Mercury dash- 
pot timer. ( Electric Controller 
& Manufacturing Co.) 



i / Multiple 
confactarm 

Operating rod 
Operating coil 

Oil dashpot 


Fig. 101.—Time-limit acceleration 
mechanism of the multiple-finger oil- 
dash pot type. 
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only the normally open contacts are required to close the succeeding 
acceleration contactor. 

The time interval provided by the relay is adjustable from to 3 sec. 
Adjustment is obtained by turning the adjusting screw which determines 
the amount that the rubber cup is flattened against the bottom of the 
mercury pot. 

The principle of controlling acceleration by means of a mercury timer 
is shown in Fig. 103. All contactors except the last acceleration 
contactor are equipped with a mercury timer. When the start button is 
pressed, current flows from LI, 
through stop and start buttons 
to 10, through the operating coil 

©, through contacts 

-CTO* and 

back to L2. This energizes the 
operating coil ® of the main- 
3 

line contactor HI- Con- 
3 

tactor hi- closes, connecting 
the motor across the line in 
series with all the starting resist- 

3 

ance. When contactor Hh 
closes, it closes its auxiliary con¬ 
tacts JL, which provides a means 
of energizing the operating 
coils of the contactors when the start button is released. The closing 
of contactor 3 causes the mercury timer 3Af to start to function. After 
a certain definite time required for the mercury to pass through the 

3Af 

orifice of the plunger, mercury timer 3M closes its contacts -||-. This 
energizes the operating coil ® of accelerating contactor 4, which closes 

4 

its contacts hi- This shorts the resistance R 7 — R*. The closing of 
contactor 4 causes the mercury timer 4Af , attached to it, to start to func- 

4 M 

tion. After a certain definite time this timer closes its contacts Hi-- 
energizing the operating coil © of accelerating contactor 5. Contactor 

5 

5 operates, closing its contacts HI- and shorting out resistance R* — R 7 . 
The motor is now connected directly across the line. 

247A. Synchronous-motor timer relays consist of a set of contacts 
driven from the shaft of a very small synchronous motor, so that there is 
a definite time lag between the starting of the motor and closing of the 
contacts. A controller utilizing such a relay is described in Sec. 287. 

248. Acceleration controlled by means of inductive time-limit con¬ 
tactors or relays makes use of the inductive time-lag effect of the decay 


Sh.F 

I-AWWV- 



mercury timer 

Fig. 103.—Schematic diagram show¬ 
ing principle of time-limit acceleration 
by means of mercury-timer relay. 
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of current in a heavily inductive circuit. This method of timing is often 
called magnetic timing. In controllers employing this method, each 
accelerating contactor may be of the inductive time-limit type, or of the 
ordinary shunt type with each controlled by means of an inductive-time 
relay. Inductive time-limit contactors may be of the normally open- 
contact (holdout type) or of the normally closed type. 

249. An inductive time-limit accelerating contactor of the normally 
open-contact type (Fig. 104) consists of a pivoted armature acted upon by 
two coils located on opposite sides of the pivot point. The main operat¬ 
ing coil acts to close the contactor, while the auxiliary coil acts to hold 
the contactor open. In the diagram of the con¬ 
troller of Fig. 105 the coils marked 2R, 3R, 4R, 
and 5 R are the main operating coils of the 
respective inductive time-limit contactors 2 R f 
3 R, 4/?, and 5 R. The coils marked HC2, 
HC3, HC4, and HCh are the holdout coils 
of the contactors 2 R, 3 R, 4R, and 5/?, 
respectively. 

249A. The principle of controlling the ac¬ 
celeration by means of inductive time-limit 
accelerating contactors of the normally open- 
contact type is illustrated by the typical control 
diagram of Fig. 105, I. In addition to the 
contactors, an iron-core inductive unit is re¬ 
quired. This inductance consists of a set of 
coils TC\, TC2, TC3, 7C4, and TCb wound on 

FiQ; 104. —Inductive a common iron core. The inductance assembly 
time-limit contactor of the ■ u . . ., . . J 

normally open-contact 16 shown mounted on the back of the control 
type. (Cutler-Hammer.) panel in Fig. 105, II. In starting from rest, if 
the operator moves the master switch to the 
running position for forward direction of rotation, the circuits of operating 
coils IF, 2F, and M are closed. These coils operate their respective con¬ 
tactors, causing contacts IF, 2F, and M to close. This connects the motor 
across the line in series with all the starting resistance. Voltage will be 
impressed upon coils TCI, TC3, TC4, and TV'S, causing these coils to be 
energized and to hold out their respective contactors. But the coils are so 
connected that the m.m.fs. of the coils just neutralize each other so that no 
flux is produced in the core. There is therefore no current in the closed 
circuit of coils HC2 and TC2, and contactor 2 R is free to close when its 
operating coil is energized. As soon as contactors IF and Af have closed, 
auxiliary contacts on these contactors close the circuits of the operating 
coils 2 R, 3 R, 4 R, and 5 R. Contactor 2 R immediately closes, shorting out 
the section of resistance Ri - R 2 and shorting coil IIC3 through TC3. 
This unbalances the m.m.fs. of the inductance, and a definite flux is pro¬ 
duced in the core. This change in flux and the inductance of coils HCZ and 




Div. 5] 


GENERATORS AND MOTORS 


723 


TCS oppose the decay of current in HCS and TCS. After a certain lapse 
of time the current in HCS will drop to nearly zero. The holdout coil 
HCS of the contactor SR, being now de-energized while its main coil SR 
is energized, causes contactor SR to close. The closing of contactor SR , 
shorting coils HC4 and TC4, again unbalances the flux. After a definite 
time lapse, the current in Z/C4 will drop to nearly zero, and contactor 
4 R will close. Closing of 4 R shorts coils HC5 and TC5 and once again 
unbalances the flux. After another defi¬ 
nite time interval the current in HC5 


drops to nearly zero, and contactor 5 R is 
allowed to close. The motor is then con¬ 
nected directly to the line. 

When plugging, i.e., throwing from full 
speed in one direction to full speed in the 
other, it is desired to have a time delay in 
the closing of contactor 2 R. Coil TCI is 
connected across the armature and resist¬ 
ance Ri — R 2 . The current through coil 
TC\ therefore depends upon the sum of 




I 


II 


Fig. 105. —Inductive time-limit aoceleiation. (I) Schematic diagram of 
connections. (II) Real view of control panel, showing inductance assembly. 
( Cutler-Hammer.) 


the voltage across the armature and the resistor R i — R 2 . The voltage 
across the armature when starting from rest is very low, but when plug¬ 
ging it is normal line voltage. In plugging, therefore, the current through 
TCI is much higher than it is when starting from rest. This larger 
current through TCI unbalances the m.m.fs. of the inductance and 
produces a flux which induces a current in shorted coils HC2 and TC2. 
This induced current will hold out contactor 2 R until the current has had 
time to reduce to nearly zero. 

249B. The principle of time-limit acceleration by means of inductive 
time-limit contactors of the normally closed-contact type is illustrated 
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in Fig. 107. A contactor of this type is shown in Fig. 106. A copper tube 
encircles the magnetic core of the contactor, over which two operating 
coils are wound. These two coils act in opposition to each other. When 

the main winding is open 


r-Mctm contacts 

Jr tr* .£ 


If 4 f i 


\ c j 

f ^Operating 


f ( : coils 

**: t 
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- wm-' - 

Armature 

Auxiliary contacts 


Fig. 106. —Inductive time contactor of the 
normally closed-contact type. ( Westing- 
house Type A T Timetactor.) 


circuited after having been 
carrying current, the mag¬ 
netic flux decreases. This 
decrease in flux induces a 
heavy current in the 
enclosed copper tube. The 
induced current opposes the 
decay of the flux so that 
there is a considerable lapse 
of time after the circuit of 
the main coil is opened 
before the flux decays 
sufficiently to allow the 
armature to be released. 
The length of time delay will 
depend upon the original 
value of the flux, which can 
be controlled by adjust¬ 
ment of the current in the 


neutralizing winding. 

Acceleration is automatically performed in the following manner: 
When the start button is pressed, current flows from LI, through stop and 

FjSh.F. F2 



wf Mam contacts of 
inductive time-limit 
accelerating contactors 
(contacts normally closed) 

± Auxiliary contacts of 
1 inductive time-limit 
accelerating contactors 


Fig. 107.—Schematic diagram showing principle of time-limit accelera¬ 
tion by means of inductive time-limit contactors of normally closed contact 
type. 

start contacts to 7, through contacts •<£-, operating coil {aD - , contacts 
and back to line L2. The armature of contactor 11 is therefore 
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attracted, opening its main contacts 11 and closing its auxiliary 
contacts s^sll. The closing of the two sets of auxiliary contacts sjsll 

energizes main operating coil ( jm ) and neutralizing coils -(jj)- and <g>. 
The armature of contactor 12 is therefore attracted, opening its main 
contacts and closing its auxiliary contacts 12 . This energizes the 

operating coil (?), which closes the main line-contactor 5. The motor 
is then connected to the line in series with all the starting resistance 
When contactor 5 closes, it opens its auxiliary contacts -ai- and closes 
its auxiliary contacts . The closing of contacts keeps the operat¬ 
ing circuits of the contactors energized when the start button is released. 
Opening of contacts opens the main operating coil circuit so 
that after a definite time, determined by the adjustment of the resistances 
controlling {Jv)- and , contactor 11 drops out and thereby closes its 
main contacts, shorting out the resistance R\ — R 2 . At the same 
time, auxiliary contacts. ^11 are opened, which opens the circuit of 

the main operating coil <§>• After a definite time the flux of contactor 
12 decreases a sufficient amount so that contactor 12 drops out, closing its 
main contacts and shorting out resistance R 3 — R 2 . The motor is now 
connected directly across the line. As contactor 12 drops out, its auxili¬ 
ary contact sjsi2 opens, which disconnects all the operating coils of the 
accelerating contactors. In case of an overload, the operating coils or 
bimetallic heater elements open the contacts , de-energizing the 

operating coil © of the main-line contactor so that the motor is dis¬ 
connected from the line and will not start up again until pressing the start 
button again starts the above sequence of starting operations. To stop 
the motor, the stop button is pressed, which opens the circuit of the 

operating coil © of the main-line contactor. 

249C. Acceleration by means of inductive time relays requires the 
use, for each step of resistance, of an ordinary shunt contactor in conjunc¬ 
tion with a magnetic time relay. A magnetic time (inductive-time) 
relay may be constructed in just the same manner as the inductive-time 
accelerating contactors of the normally closed-contact type described 
in Sec. 248. The only differences are that it is smaller in size and that 
its main contacts are not capable of carrying as heavy currents. The 
principle of operation in obtaining acceleration by this means is shown in 
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Fig. 108. The same general system of symbols is used as given in Sec. 

5 

249B and Fig. 107. The main contacts of the line contactor are -||- . 

3 

The contacts of the regular shunt-coil accelerating contactors are _J|_ 
and . The main contacts of the inductive-time-limit relays are 
11 and -0—12 . When the start button is pressed, current flows 

from LI through the stop and start buttons to 7, through contacts *a!L>-, 
operating coil , contacts and back to line L 2 . The armature 

of relay 11 is therefore attracted, opening its main contacts 11 , 
which opens the circuit of operating coil ©. At the same time auxiliary 
contacts Hh close, thus energizing operating coil •(H) and neutraliz¬ 
ing coils (S) and <D- The armature of relay 12 is therefore attracted, 
opening its main contacts - 0 - 12 , which open the circuit of operating 
coil ( 7 ). At the same time auxiliary contacts -ih close, energizing 

operating coil © , which closes the main-line contactor 5. The motor 
is then connected to the line in series with all the starting resistance. 
When contactor 5 closes, it closes its auxiliary contact and opens its 

auxiliary contact The closing of . 5 — makes power available for the 

operating coils when the start button is released. Opening of contact 
-on*, opens the main operating-coil circuit so that after a definite 

time determined by the adjustment of the resistances controlling the 
neutralizing coils (S) and <D> relay 11 drops out and thereby closes 
its main contacts ^ H. Closing of contacts 11 energizes 

the operating coil ©, which operates contactor 3, shorting out the 
resistance R 2 — R 4 . As relay 11 drops out, it opens its auxiliary contacts 
which open the circuit of the main operating coil of relay 
12. After a definite time, the flux of relay 12 decreases a sufficient 
amount so that relay 12 drops out, closing its main contacts -0—12 
and energizing the operating coil ( 4 ). Operating coil © closes the 
contacts of contactor 4, which short out the resistance Rz — R*. The 
motor is now connected directly across the line. As relay 12 drops out, 
12 

its auxiliary contacts open, which disconnects all the operating 
coils of the accelerating relays. 
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and operating coil (J) of relay A. Relay A operates, closing its two sets 

of contacts 4. which allow current to flow through operating coil 

and also provide a permanent path for current through operating 

coil «(^- so that the relay will be held closed upon the opening of fjjj^ 

contacts. Operating coil -(m)- causes contactor IA to close its contacts 
1 A 

_||_, thus shorting out a section of the starting resistance. The opening 

of .J|L contacts and closing of contacts disconnect the condenser 
from the supply and provide a discharge path for the condenser through 
the coil It takes only about -J^o to Ko sec. for the condenser to 

discharge, so that operating coil AgR)- is very rapidly de-energized, and 

CR1 CR2 CR 

contacts _||_ and _|j_ open and contacts _J|L close before contactor 

IA closes. This starts the condenser on another charging cycle. When 
contactor 1 A closes, it opens its auxiliary contacts —and closes its 

\AO 

auxiliary contacts . After a certain time the condenser again is 

charged to a sufficient voltage so that the neon tube breaks down and 
again operates relay CR. Current will then flow through contacts 

» and the operating coil of relay B. Relay B closes its 
two sets of contacts which allow current to flow through the 

operating coil and also provide a permanent path for current 

through operating coil ■(**), so that the relay B will remain closed upon 
the opening of _|j_ contacts. Operating coil “\£Ay causes contactor 
2 A to close its contacts thus shorting out the other section of 

resistance and connecting the motor directly across the line. When 
contact 2 A closes, it also opens its auxiliary contacts which open 

the condenser and tube timing circuit. 

In the application of this method of acceleration to a-c motors (Fig. 
108B) it is necessary to use two auxiliary relays for each accelerating 
contactor except the last one. Alternating-current contactors close much 
more rapidly than d-c ones, and, if the additional auxiliary relay were not 
employed, an accelerating contactor would close before the CR relay 
could drop out. The operating coil of the next accelerating contactor 
would be immediately energized, and thus two accelerating contactors 
would close at one operation of the condenser timer with practically no 
time lag between the closing of the two accelerating contactors. In 
using this system on an a-c circuit it is necessary to provide a d-c source 
for charging the condenser. This is done by means of a small radio 
potential transformer connected to a full-wave rectifer tube as shown in 
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Motor 
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Fig. 1085. The action of the timing circuit is exactly the same as for 
the d-c application previously described. In starting the motor the 

CR2 

first operation of relay CR allows current to flow through contacts _||_ , 

contacts ~ia%~ , and the operating coil of auxiliary relay C. Relay 

C closes its two sets of contacts _||_ and _|^ The closing of contacts 

Jjj. causes relay A and contactor 1 A to function in the same manner as 

previously described for d-c operation. The closing of contact Jj|_ 
£ 

and opening of contacts _jji keep relay C closed and the circuit of 
operating coil open until 
relay CR has had time to open. 

The second functioning of the 
timing circuit and operation of 
relay CR causes relay B and 
contactor 2 A to function, thus 
connecting the motor directly to 
the line. 

249E. With current-limit 
acceleration the cutting out of 
the various steps of starting 
resistance, or the changing of 
taps on an autotransformcr, is 
controlled by the decay of the 
starting current as the motor 
accelerates. The rapidity of the 
closing of the successive con¬ 
tactors depends upon the load 
on the motor. With light loads 
the motor will accelerate on 
each step more rapidly so that 
the current decreases more 
rapidly and causes the succes¬ 
sive contactors to function in a 
shorter length of time. The 
total length of time for the start¬ 
ing period therefore depends 
upon the load. 

Current-limit acceleration is performed by means of series contactors 
of the types described in Sec. 240. Acceleration may be accomplished 
by using series contactors of the single-coil type as shown in Fig, 108C. 
Pressing the start button energizes the operating coil ( 3 ) of the main line 

contactor 3 so that line contacts JL close, connecting the motor to the 
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Fia. 108 B .—Schematic diagram show¬ 
ing principle of time-limit acceleration 
by means of condenser-charge method 
applied to a polyphase squirrel-cage 
motor. ( Neo-time acceleration of Electric 
Controller <& Manufacturing Co.) 
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line in series with the starting resistance. When the starting current has 
decreased to the value for which the series contactor 4 is adjusted, operat¬ 
ing coil © closes its contactor 4. The closing of contacts _jj_ shorts 

out the section of resistance R: — R* and allows the starting current to 
pass through operating coil ©of the second series accelerating contactor. 
When the starting current has decreased to the value for which the series 
contactor 5 is adjusted, operating coil © closes its contactor 5. Closing 

of contacts shorts out all the starting resistance and also the main 
operating coils of contactors 4 and .5, so that there will be no danger of 
these contactors dropping out under light loads. Contactor 5 has an 
auxiliary shunt holding coil which holds this contactor closed after 


Sh.F. 



LJQ DU - * 


Fig. 1080. — Schematic diagnun Fig. 108/,).- -Schematic diagram 
showing principle of current-limit showing principle of current-limit 
acceleration by means of series con- acceleration by means of series con¬ 
tactors of the single coil type. taetors of the two coil type. 

it has once been closed by its main operating coil®. When contactor 
5 closes, it also closes its auxiliary contacts thus energizing the 

auxiliary holding-coil circuit for the contactor. The motor is now 
connected directly to the line. 

The method of controlling acceleration by means of two-coil, series, 
lockout contactors (Sec. 24) is shown in Fig. 108Z>. Pressing the start 
button energizes the operating coil ©of the main-line contactor 3 so that 

3 

line contacts close, connecting the motor to the line in series with 
the starting resistance. When the starting current has decreased to 
the value below that for which the lockout coil -(4L}- of contactor 4 will 
hold this contactor open, contactor 4 closes its contacts _jj_. This 
shorts out the section of starting resistance Rt — R* and the lockout coil 
-{4L}- of contactor 4 so that the contactor will not drop out under light 
loads. The current now passes through the operating coil © and lock¬ 
out coil -(Q)- of contactor 5 which locks open until the current has dropped 
in value to the amount for which the contactor is adjusted to operate. 
When the current has dropped to this value, contactor 5 closes its con- 
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tacts _j|_, which short out the resistance Re — R 7 and the lockout coil 

. With the lockout coils shorted out, these contactors do not need 
any auxiliary shunt holding coil, since the series operating coils will hold 
the contactors closed with only about 5 per cent of their normal current. 
The motor is now connected directly across the line. 

249F. Counter-e.m.f. acceleration is really a special method of current- 
limit acceleration, since the current that flows through the motor depends 
upon the value of the counter-e.m.f. It is applicable only to d-c motors. 
The time required for the starting period will depend upon the load on the 
motor just the same as for the other current-limit acceleration methods. 

In controlling acceleration by the counter-e.m.f. method the operating 
coils of the magnetic contactors are connected across the armature wind¬ 
ing (Fig. 108J£). At standstill no 
counter-e.m.f. is produced in the 
armature winding. As soon as the 
motor starts to revolve, a counter- 
e.m.f. is generated in the armature 
winding. The counter-e.m.f. is 
directly proportional to the speed so 
that, as the motor speeds up, the 
counter-e.m.f. increases. Since the 
operating coils of the magnetic con¬ 
tactors are connected across the 
armature, their operation depends 
upon the value of the counter-e.m.f. The magnetic contactors are 
adjusted so that it requires a definite value of counter-e.m.f. to operate 
each one, a higher value of counter-e.m.f. being required to operate each 
successive contactor. When the speed has reached a value so that the 
counter-e.in.f. is sufficient to operate one of the contactors, the contactor 
closes and shorts out a section of the starting resistance. 

249G. Time-current control of acceleration, as the name implies, is a 
comhinat ion of time and current control of the accelerating period. With 
time control the time of acceleration is entirely independent of the load 
on the motor, while with current control the time of acceleration depends 
entirely upon the load on the motor. With time-current control, the 
time of acceleration is modified by the load on the motor but is not 
entirely dependent upon the load. 

One method of obtaining time-current control of acceleration is through 
the use of the time-current acceleration relay of Fig. 108F. This relay 
consists of a series operating coil A, an adjustable steel core C, an air gap 

F, a movable circular aluminum sleeve E , carrying the movable contacts 

G , and a set of stationary contacts H. When the circuit of the operating 
coil is closed, the current changes in a very short time from zero to some 
definite value, depending upon the circuit in series with which the coil is 
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Fig. 1082?.—Schematic diagram 
showing principle of counter-e.m.f. 
acceleration. 
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connected. A magnetic flux is built up rapidly in the iron core C, and 
air gap F. This flux also links with the aluminum sleeve 2£, which forms 
a closed single-turn conductor. The rapid change of flux linked with 
the sleeve E causes considerable current to be induced in the sleeve. 
The current through the operating coil and the induced current in the 
aluminum sleeve are in such directions that they produce a repelling force 
between the coil and the sleeve. The sleeve is therefore rapidly pro¬ 
pelled upward upon the closing of the operating-coil circuit. The parts 
are so designed that considerable force is exerted upon the sleeve, and it 
would travel 1 ft. or more if it were not for the fact that, as the tube starts 



I. Complete relay. II. Cross-section view. 

Fig. 108F. —Time-current relay. (Electric Controller & Manufacturing Co.) 

to move, it passes through the field F, which now causes eddy currents 
to be set up in the sleeve. These eddy currents cause a retarding action, 
just the same as a wattmeter vane is retarded as it is forced through a 
magnetic field, and this, combined with the force of gravity, stops the 
sleeve, which then starts to fall under the force of gravity. Inasmuch as 
current still flows through A, causing flux in F, the sleeve is likewise 
retarded by eddy currents in the downward direction the same as it is 
retarded in the upward direction. This retarding action therefore 
provides « time delay, which may be as much as 2.75 sec., in the closing of 
contacts G and H. The length of time will be dependent upon the current 
in A and the adjustment of the steel core C. Since the current in A 
determines the strength of the flux in F, C, and E, it will be seen that a 
lower current in A will cause the sleeve to jump less distance, and the 
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retarding action in the downward direction will be less so the time also 
will be less. In practice, the current in A is the same as the motor current 
so that when heavy current flows in the motor due to a heavy load the 
time will be longer, and when the motor current is less as on light loads the 


time will be less. Hence we have 
time-current control; i.e. } a system 
of control where the time is modi¬ 
fied by the current or load on the 
motor. 

The maximum time of operation 
can be adjusted by moving the 
adjustable steel core C. Moving 
the core changes the air gap F . 
Adjusting C so as to increase the 
air gap will shorten the maximum 
time of operation. 

The principle of time-current co] 
current relays is illustrated by tb 



Fig. 108Cr. — Schematic diagram 
showing principle of time-current 
acceleration by means of a magnetic 
time-current relay. 

trol of acceleration with these time- 
i elementary control circuit of Fig. 


108G When the start button is pressed, the operating coil ® of the 


inain-line contactor 3 is energized. Contacts close and connect 

the motor to the line in series with the starting resistance. Upon the 
closing of contactor 3 current passes through the operating coil © of 
time-current relay 6, and the auxiliary contacts of the contactor 

3 close. Current will start to flow through operating coil ®, but before 

4 

its contactor 4 has time to close its contacts _ji , the aluminum sleeve 


of relay 6 has been raised and opens the contacts of this relay, 


thereby opening the circuit of operating coil ©. After a time delay 
depending upon the setting of relay 6 and the load on the motor, the 
aluminum sleeve of relay 6 drops and recloses contacts . The 

operating coil @ of contactor 4 is now energized and contactor 4 oper- 

1 4 

ates, closing its contacts This shorts out the resistance Rt — Z2j 0 , 

closes auxiliary contacts > and energizes the operating coil ® 

of time-current relay 7. Current will start to flow through the operating 
coil © of contactors 5, but before the contactor can close, the aluminum 
sleeve of relay 7 has jumped up and opened the contacts • 

After a time delay, the aluminum sleeve of relay 7 drops, reclosing the 
contacts of this relay and energizing the operating coil © of 

contactor 5. Contactor 5 now operates and closes its contacts ^ 5 |_. 
The motor is now connected directly to the line. 
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249H. Time-current acceleration utilizing the principle of the time 
required to charge a condenser is a new development of the Electric 
Controller & Manufacturing Co. This method is similar to the time¬ 
limit acceleration method described in Sec. 249D with the addition of 
other condensers, resistors, and a second rectifier so that the time of 
charging of condenser C is modified by the motor current. The applica¬ 
tion of this method to a squirrel-cage motor is shown in Fig. 108//. The 
d-c source of power for charging the condenser C is obtained from the volt¬ 
age across two load resistors 


ISL 


si-Squirrel * 



supplied by two rectifiers 
connected in series. The 
rectifiers are so connected 
that their voltages oppose 
each other. The voltage 
produced by one rectifier is 
controlled by the motor cur¬ 
rent through the series trans¬ 
former which supplies 
rectifier tube RT-2. The 
combined voltage for operat¬ 
ing the timer is thus modified 
by the motor current. The 
greater the motor current the 
lower the combined voltage 
for charging condenser C, and 
therefore the time for the 
condenser to become charged 
will be increased. 

2491. Frequency control of 
acceleration is a new devel¬ 
opment of the Electric Controller & Manufacturing Co. for application 
to wound-rotor induction motors. The operation of the frequency relays 
employed in this method depends upon the action of resonant circuits. 
An a-c. circuit which contains both induct ance and capacity will be reso¬ 
nant at some definite frequency, depending upon the value of the induc¬ 
tance and the capacity. At the resonant frequency, such a circuit will 
pass a very much higher value of current than at any other frequency. 
The current of such circuits will increase with frequency up to the reso¬ 
nant frequency. The operating coils of the frequency relays, which have 
a certain value of inductance, will produce a resonant circuit when con¬ 
nected in series with an external condenser. By using condensers of 
different capacities with a set of relays, the respective relays will become 
resonant at different frequencies (Fig. 1087). The higher the capacity 
the lower is the resonant frequency. 


Fig. 108/7.—Schematic diagram showing 
principle of time-current acceleration by 
means of condenser-charge method. ( Neo - 
time-current method of Electric Controller 
Manufacturing Co.) 
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The application of this method of acceleration to a wound-rotor induc¬ 
tion motor is shown in Fig. 108/. The relays PR, IAR, 2 AR, and 3AR 
are frequency relays. Each relay operating coil in series with its con¬ 
denser is connected to a potentiometer rheostat so that it can be adjusted 
to the proper current. The relays are supplied with power from the 
secondary resistor so as to receive a maximum voltage of 90 volts, on 
60-cycle circuits, when the motor primary is first connected to the line. 
The relays have normally closed contacts. After a relay has attracted 
its armature, the armature will not drop out until the current of the 
operating coil has dropped to a certain value. The frequency at which 
the current reaches the drop-out value will vary with the resonant fre¬ 
quency of the circuit. The 
higher the resonant fre- if 

quency the higher the fre- 11 
quency at which the £J 
drop-out current will be 
reached. The relays are 
connected in series with 
progressively larger values 
of capacity, so that the 
resonant frequencies of the 
relays progressively 
decrease. The drop-out 
currents will occur at pro¬ 
gressively lower frequen¬ 
cies. At standstill the 
frequency of the secondary 
circuit of an induction 
motor is the same as that 
of the primary supply cir¬ 
cuit and decreases as the 
speed of the motor in- contacts 

creases. It is approxi- Fiu. 108/. r Schematic diagiam showing 
mately zero at full speed. Pnnciple of f.equenry acceleration. 

The frequency relays will therefore drop out progressively as the motor 
accelerates. The operation of the motor illustrated may be controlled 
manually by moving the master controller to successive positions, or the 
acceleration may be made fully automatic by throwing the master to the 
last position. If the master is thrown to the last position forward, when 
the motor is at rest, the master contacts MF, F, P,\A,2A, and 3 A will all 
be closed. The motor will then be automatically accelerated as follows: 
Operating coils {§) and (f) are first energized, which operate contactors F 

p M 

and M and close contacts _||_ and Closing of contactor F 

closes its auxiliary contacts The motor is now connected to the 
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line with resistance m its rotor circuit The starting current in the rotor 
circuit energizes the operating coils PR, 1 AR, 2 AR, and 3AR of all the fre¬ 
quency relays The relay PR, which is the plugging relay and which has 
only 2^ mfd in series with its coil, will not pass enough current to operate 
Since all the frequency relays have normally closed contacts, the contacts 
_J 3R r ^_ of relay PR will stay closed, and operating coil -(?)• of contactor 

p 

P will be energized Thus contactor P will close its contacts _j|_ 
immediately The frequency relays \AR, 2AR, and 3 AR will operate 
immediately upon passage of current through the motor and therefore 
will open their contacts and • Closure of con¬ 
tactor P closes its auxiliary contacts , but operating coil -(m)- will 

not be energized until relay 1 AR drops out and closes its contacts 
Relay 1AR will drop out after the motor has accelerated to a sufficient 
speed so that the frequency of the rotor is such as to cause the current 
of operating coil —to decrease to the drop-out value When relay 

1 AR drops out, it closes its contacts and energizes the operating 

coil “(Q)- of contactor 1A. Contactor 1 A then operates and closes its 

ii4 

contacts shorting out some of the resistance In a similar manner 

as the motor accelerates, frequency relays 2 AR and SAR drop out at 
progressively higher speeds and c ause c ontactors 2 A and 3 A to close 
250. Methods of Starting D-c Motors.—As discussed in Sec 136, d-c 
motors are almost always started with resistance in senes with the arma¬ 
ture winding Both manual and automatic starters are used 


Controllers for D-c Motors 

Remarks 


251. Available Types of 

Type 

1 Manual starters 

a Across the line 

b Starting rheostats (dial-type 
starters) 
c Drum 

d Multiple switch 

2 Manual-starting and speed-regulating 
controllers 

a Starting and speed-regulating 
rheostats (dial-type controllers) 
b Drum 

3 Magnetic starters 

a Time-limit acceleration 
b Current-limit acceleration 
e Counter-e m f -limit acceleration 
d Time-current acceleration 


Available in nonreversing and reversing 
types without dynamic braking 
buitable only for nonreversing service with¬ 
out dynamic biakmg 

Suitable for nonreversing and reversing serv¬ 
ice with or without dynamic braking 
Suitable only for nonreversing service with¬ 
out dynamic braking 

Suitable only foi nonreversing service with¬ 
out dynamic braking 

Suitable for nonreversing and reversing serv¬ 
ice with or without dynamic braking 


Available in nonreversing and reversing 
types with or without dynamic braking 
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252. Across-the-line starters for d-c motors are made as standard 
equipment in sizes up to and including 2 hp. They consist of some form 
of safety-enclosed manually operated switch made in a rugged and 
compact manner. They may be obtained with or without thermal over- 


Approximate 
hp. range 

Trumbull 

Electric 

Manufacturing 

Company 

General Electric 
Company 

Westmghous* 
Electric & 
Manufacturm 
Company 

g 

Cutler-Hammer 

Up to \i hp , 
without over¬ 
load protec¬ 
tion 

» 

| 




Fractional 
horsepower, 
different 
types vary 
from up to Yx 
hp to up to 
H hp , all 
have thermal 
overload pro¬ 
tection 

y%3|! 

u 

1 

1 


# 4 ft 

Off - DM 


Up to 2 hp , all 
nave thermal 
overload pro¬ 
tection 

f i 

- - ^ 

:;Sjj 

, m j 

i ' m 'j 

h 

. m ^ ! 

' * 

m 


Fia. 109.—Typical across-the-line starters for d-c motors. 


load release devices. Those of the smaller types are sometimes called 
auxiliary or secondary breakers (see Div. 4). Most of the overload 
release devices are of the automatic self-resetting type, so that, after the 
occurrence of an overload, service is restored by simply throwing the 
handle to the extreme “off” and then to the “on” position. The release 
mechanism generally is constructed on the trip-free principle so that the 
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switch cannot be held closed against a dangerous overload. These 
starters cannot be provided with undervoltage release or protective 
devices. Typical starters of these types are shown in Fig. 109. 

263. Starting rheostats for d-c motors, sometimes called dial or face¬ 
plate starters, consist of a series 
of contacts mounted on an 
insulating panel and connected 
to different points in a resist¬ 
ance unit (see Fig. 110). An 
arm or dial bearing a contact is 
arranged so that it can be 
moved across the stationary 
row of contacts. A starting 
rheostat is shown in Fig. Ill, 
and wiring diagrams of similar 
starters in Fig. 110. Moving 
the arm to the first contact 
closes the armature circuit in 
series with the starting resist¬ 
ance. As the arm is moved 
across the buttons, sections of 
the starting resistance are successively cut out of the circuit, until the last 
contact is reached. Then all the resistance has been cut out of the cir¬ 
cuit, and the armature is connected directly across the line. These 
starting rheostats are not suitable for reversing or dynamic braking serv- 



Fig. 110.— Diagram showing low-volt¬ 
age protection provided by low-volt age 
coil and by a no-field coil. 




/ M 

, 




Fig. 111.—Starting rheostat of dial type for d-c motor. (General Electric Co.) 


ice. They may be used for starting series, shunt, or com pound-wound 
motors. 

264. Undervoltage protective devices for starting rheostats may be 
operated by either a low-voltage coil or a no-field coil (Fig. 110). On a 
manually operated starter, each device usually consists of an electro- 
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magnet M , which under conditions of normal voltage holds the operating 
arm R in the running position, and a spring (nqt shown in the diagram) 
which returns the operating arm to the “off” position upon failure or 
decrease of voltage. Starters are sometimes so constructed that instead 
of the electromagnet being made strong enough to hold the arm in the 
running position against the force of the spring, a catch is provided which 
will engage and hold the arm after it has been manually moved to the 
running position. Then, if the voltage drops below a predetermined 
value, the electromagnet disengages the catch. This releases the arm, 
which is returned to the “off” position by the spring. The magnet coil 
may be connected directly across the line (Fig. 110, I) with a protective 
resistance in series, in which case it is called a low-voltage coil, or it may 
be connected in series with the shunt field (Fig. 110, II), in which case it 
is called a no-field coil. Both arrangements provide low-voltage protec¬ 
tion. If the coil is connected across the line, the current carried by the 
coil, and therefore the coil losses, will be less than if it is connected in 
series with the shunt field. The difference between the maximum and 
minimum field currents of wide-speed-range, adjustable-speed motors 
renders it impractical to design a series-connected holding coil which will 
operate satisfactorily throughout the range. The General Electric and 
the Westinghouse starters regularly have the holding-magnet coil con¬ 
nected across the line. Upon request, the starters will be furnished with 
the coil in series with the shunt field. The Cutler-Hammer Co. furnishes 
its starters for constant-speed motors with the coil in series with the 
shunt field, and for adjustable-speed motors with the coil across the line. 
If, with the coil connected across the line, tho shunt-field circuit should 
accidentally open, the motor might “run away” and destroy itself. 
With the coil in series with the shunt field, this would not occur. Starters 
having undervoltage protection (provided by either a no-field or a low- 
voltage coil) will not permit a reestablished voltage to be automatically 
impressed upon the motor. This feature is imperative in applications 
where the unexpected return of the voltage might endanger the operator 
or the motor. From the standpoint of general safety the no-field-coil 
arrangement is preferable. 

265. In starting a d-c motor (see Fig. Ill), close the line switch and 
move the operating arm of the rheostat step by step over the contacts, 
waiting a few seconds on each contact for the motor speed to accelerate. 
If this process is performed too quickly the motor may be injured by 
excessive current; if too slowly, the rheostat may be injured. If the 
motor fails to start on the first step, move promptly to the second step 
and if necessary to the third, but no farther. If no start is made when the 
third step is reached, open the line switch at once, allow the starter handle 
to return to the “off” position, and look for faulty connections, overload, 
etc. The time of starting a motor with full-load torque.should not, as a 
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general thing, exceed 15 sec. for rheostats for motors of 5 hp. and lesser 
output, and 30 sec. for tjjiose of greater output 



I. Connections II. Unit assembled m enclosing case 

Fig. 112.—Overload protective unit for use with a motor starting rheostat 
0 General Electric Co ) 






1 



Fig, 113. —Combination starting rheostat and fused safety switch (( utltr- 

Hammer ) 

256. In stopping a d-c motor, open the line switch. The arm will 
return automatically to the “off” position. Never force the operating 
arm of any starting rheostat back to the “off” position 

257. Overload protection is not generally provided in starting rheostats. 
Overload protection must be provided at some other point in the motor 
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circuit by means of fuses, circuit breakers, safety switches with thermal 
overload protection, or magnetic contactors controlled by overload relays. 
A typical magnetic-contactor protective unit is illustrated in Fig. 112. 
Some manufacturers make combination units which combine either a 

fused switch or a circuit breaker in the 



Fig. 114. — Combination 
starting rheostat and circuit 
breaker. ( Cutler-Hammer .) 


same mounting with the starter, as illus¬ 
trated in Figs. 113 and 114. For some 
installations these combination units 
are very desirable. They concentrate 
all the motor control apparatus at one 
point and, where this is advantageous, 
simplify the wiring. 

258. Drum-switch starters are made 
in a variety of types. They can be ob- 



controller with cover re¬ 
moved. ( We8tinghoii8e Elec¬ 
tric & Manufacturing Co.) 


tained for both reversing and nonreversing service and with or with¬ 
out contacts for dynamic braking. They are used for series, shunt, and 
compound motors. The essential features of a drum starter are a central 
movable drum upon which are mounted a set of contact segments and a 
set of stationary contact fingers. A typical drum starter is illustrated in 
Fig. 115. The movement of the drum is controlled by means of a handle 
on top of the starter case. As this handle is moved from the “off” 
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position, the armature circuit is closed in series with the starting resist¬ 
ance by means of the first set of movable segments on the drum making 
contact with the first set of stationary fingers. As the handle is moved 
around, the resistance is short-circuited step by step by the contacts 
located farther around on the drum. Small starters of this type are 
self-contained with the starting resistance mounted in a ventilated box on 
the rear of the drum switch. In the larger sizes the resistance is mounted 
separately from the drum switch. Drum controllers do not provide any 
overload or undervoltage protection. Overload protection may be 
provided by fuses or a circuit breaker mounted separate from the con¬ 
troller. A magnetic contactor with an overload relay will provide 


-- L /nes—*, 
JBackviewl 



p d i 
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Temp, y <-~-Toaal- 

overload _ 

relay 


Cm 
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11 

y, 

u\ 


. ^ ^ Close 

Push-button 

station 


-T-z-r i* 


9 Off-position segment 
\ Line segment 


Drum switch segments 

Fio. 116.—Diagram of connections for 
magnetic overload protective unit for use 
with drum starter. 


both overload and under- 
voltage protection. Such 
a protective unit has the 
advantage that it may be 
electrically interlocked with 
the drum switch so that the 
line contactor cannot be 
closed unless the drum switch 
is in the “off” position. 
This safeguards against the 
possibility of the motor being 
thrown directly across the 
line. Connections for a typi¬ 
cal magnetic-contactor pro¬ 
tective panel are shown in 
Fig. 116. Its appearance 


would be similar to the protective unit of Fig. 112. 

269. The manually operated multiple-switch starter for d-c motors 
(Fig. 117) comprises a number of switches S , which are manually closed 
in sequence. Thereby the resistances R are shunted out of circuit as the 
armature accelerates. The switches are so mechanically interlocked 
that their being closed in any other than the proper sequence is prevented. 
When the last switch S b is closed, all the resistance is short-circuited. 
The switches, after being closed, are held in the closed position by a 
catch. This catch is in turn held by a low-voltage-protective mag¬ 
net M . 

Upon the failure of voltage, the catch is released, and all the switches 
are thrown to the “off” position by gravity or by a spring. A switch of 
this type is especially adapted for starting large motors. A sufficient 
time period will elapse in the ordinary closing of the switches to provide 
£ protection against too rapid acceleration. The arrangement of a num¬ 
ber of switches in parallel tends to minimize heating of the contacts, 
particularly of the contact of the last switch S b . One of the contact 
blocks of each switch is often made of laminated copper strips and the 
other of carbon. The laminated brushes and the copper-to-carbon 
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arcing contacts render a 
switch of this type ex¬ 
ceptionally adaptable 
for use with large 
motors. Overload pro¬ 
tection must be pro¬ 
vided outside the 
starter. These starters 
are suitable for series, 
shunt, or compound 
motors in nonreversing 
service without dynamic 
braking. 

260. Apparatus for 
Field Control of Shunt 
or Compound Motors. 

The variable resistance 
m series with the shunt 
field, necessary for speed 
control of shunt or com¬ 
pound motors by the 
field-control method, 
may be provided by 
means of a field rheostat 
separate from the start¬ 
ing rheostat, or the 
starting rheostat and 
the field rheostat may 
be combined into a 
single piece of equip¬ 
ment forming a com¬ 
bined starting and 
speed-adjust ing con¬ 
troller. Such combined 
starting and speed- 
adjustmg controllers are 
available in both the dial 
and the drum types of 
construction. 

261. Field relay 
switches are required 
where separate rheostats 
are used for starting and 
controlling the speeds of 
motors. This is re¬ 
quired by a National 



I. Enclosed view. 



II. Cover removed, showing multiple-switch lever s. 


Resistance 



Fig. 117.--Multiple-switch starter. 
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Electrical Code rule to prevent the possibility of starting a motor with 
weakened field. The switch shown in Fig. 118, which is mounted 
under the starter handle, accomplishes this function by short-circuit¬ 
ing the field rheostat during acceleration so that the motor must always 
start with full field regardless of the position of the field-rheostat arm. 
The switch shown, or a similar one, can be applied to ordinary starting 
and speed-regulating rheostats and generally should be mounted on the 
rheostat at the factory of the firm that furnishes it. 

The field relay switch shown con¬ 
sists of a small electromagnet, a 
pivoted switch bar, and a stationary 
contact. The switch bar is nor¬ 
mally held away from the contact 
by a helical spring. The magnet 
coil, switch bar, and contact are in 
scries with a circuit that parallels 
the field rheostat. 

When the operating arm of the 
starting rheostat is moved to the 
first step, a pin on its hub presses 
the relay switch bar against its 
stationary contact, thus short-cir¬ 
cuiting the field rheostat. As the 
arm is turned, the pin on the starter 
hub soon releases the relay switch 
bar; but the relay electromagnet, 
energized when the contacts close, 
holds this bar temporarily in place. 
The winding of the relay electro¬ 
magnet is so proportioned that, if 
there is little or no resistance in 
series with the motor shunt field, 
the relay magnet will release the switch bar before the motor is brought 
to full speed, leaving the field rheostat available for speed adjustment. 
But if the field-rheostat arm is turned so that there is more resistance 
in series with the shunt field than would be safe to insert in one step, 
the electromagnet will keep the relay switch closed until the arm of 
the field rheostat is brought back toward the “off ” position. A vibrat¬ 
ing type of relay as described in Sec. 272 may be used for ensuring full 
field during acceleration of the motor. 

262. Starting and Speed-adjusting (Field-control) Rheostats for D-c 
Shunt- and Compound-wound Motors. —There are as many (and more) 
designs as there are manufacturers, but the equipment shown in Figs. 
119 and 120 is typical and can be used for starting and regulating speed 
in nonreversing services where speed adjustment by field control is desir- 
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able. The apparatus is so arranged that the motor is always started 
with full field strength. In case of failure of the voltage, the field-control 
resistance is automatically short-circuited and the motor is disconnected 
from the line. 

The rheostat consists of a faceplate carrying the contacts, operating 
arms, and safety devices, mounted in connection with two resistors. 
One is for starting and one is for adjusting the field strength. The face¬ 
plate carries three rows of stationary contacts. The upper row is con¬ 
nected with the field-adjusting resistor, the second row with the starting 
resistor; and the lowest row contains a long curved segment for short- 



moved from enclosing box. adjusting rheostat. 

The faceplate supports two arms, an operating arm and a short-circuit¬ 
ing arm, pivoted to the same hub and arranged so that they cannot pass 
each other. The operating arm carries the handle and two contact 
fingers, one for the starting contacts and the other for the field contacts. 
The short-circuiting arm has a contact finger which slides over the con¬ 
tact bar, short-circuiting the field resistance in starting, and the armature 
resistance while running. In some designs this arm also carries laminated 
copper brushes which short-circuit the starting resistance when the arm 
reaches the running position. A spring tends to return the short-circuit¬ 
ing arm to the off position. 

Under conditions of normal operation the short-circuiting arm is held 
in the running position against the force of the spring by an electromagnet 
connected across the line in series with a protecting resistance. If the 
voltage falls below a predetermined point, the arm is released and returns 
to the “off” position, carrying the operating arm with it. 

263. Operation of a Starting and Speed-adjusting Rheostat (Figs. 119 
and 120).—The motor is started by moving the operating arm to the 
running position, stopping a few seconds on each starting contact to per- 
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mit the speed to accelerate. The retaining magnet holds the short- 
circuiting arm in the running position where it short-circuits the starting 
resistor. The operating arm is then moved back over the field-resistance 
contacts until the desired speed is reached. For motors starting with 
full-load torque, the time of acceleration should be from 15 to 30 sec., 
depending upon the capacity of the motor. To stop the motor, open the 
line switch. Both arms then return to the “off” position automatically. 

264. Drum controllers for combined starting and speed adjustment 
(field control) are provided with two sets of contacts, one set for the con¬ 
trol of the starting resistance, and the other set for controlling the speed of 
the motor through the variation of the shunt-field resistance. Although 
controllers of this type (Figs. 121, 122, and 123) find their most frequent 



Cover on. Small Capacity. Medium Capacity. 

Fig. 121.—Machine-tool controller. 


applications on machine tools, they are very desirable for any service 
where the work is severe and where the expense of a controller is 
justified. Machine-tool work usually requires a combination starting 
and speed-regulating controller, i.e., one whereby the motor is started by 
cutting out armature resistance. After the motor is started, its speed is 
regulated by varying the amount of resistance in series with the shunt 
field. These controllers can be purchased for this service and for control 
or starting service of practically any type. The methods of construction 
and connection are so numerous that only one type of drum controller, 
one which is used for machine-tool service, will be described here. 

Advantages of controllers of this type are that the contacts and arm 
are entirely enclosed and that the movement of a single handle in one 
direction or the other starts the motor in a corresponding direction and 
brings it to the running speed desired. The operating arm remains 
securely locked at the proper notch until released by the operator by 
pressing a button in the handle. 

There are two switching devices in the controller shown in Figs. 121 
and 122. One connects to the armature or starting resistor and the other 
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connects to the field-control resistor. Both switching devices are oper¬ 
ated by the same handle. In drum controllers of small capacity the 
armature switching device consists of an arm passing over contact 



Controller Connections. 

(Plan VKcwof Face Ptalea asseen 
fivm handle End) 

Fig. 122.—Connection diagram for machine-tool controller of small capacity 
using revolving arms for both armature and field control. 



When with Compound Mo*or T 

Controller Connections. 

(HamVenaffine Fta*e as Seen 

from Handle EndJ 

Fig. 123.—Connection diagram for machine-tool controller of medium capac¬ 
ity using drum for armature control and revolving arm for field control. 

buttons, and all the resistors are mounted within the drum; t.e., the con¬ 
troller is self-contained. In controllers of large capacity, the armature 
resistance is cut in and out by a rotating drum similar to that used in 
street-railway service, and all the resistors are mounted external to the 
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controller. The field resistance is cut in and out by a rotating arm pass¬ 
ing over contact buttons in all but the largest controllers, for which a 
drum is used. Arc shields between drum segments and blowout coils 
are provided where necessary. The controllers can be arranged to pro¬ 
vide dynamic braking. Speed ranges of from 1:2 to possibly 1:6 are 
usually provided. 

265. Operation of Drum-type Machine-tool Controllers (Figs. 121, 
122, and 123).—Continuous movement of the operating handle in either 
direction first starts the motor in the corresponding direction of rotation, 
then cuts out the starting resistance, and finally cuts in the field resistance 
until the desired running speed is reached. The handle should be moved 
over the starting notches in not over 15 sec. for motors of possibly 10-hp. 
capacity and in not over 30 sec. for larger motors. The starting resist¬ 
ance should not be used for speed control. 

For a quick stop when operating with weakened field, move the handle 
quickly to the first running notch, hold it there momentarily, and then 
move it to the “off ” position; the application of full field strength when 
the speed is high causes dynamic braking, thus checking the speed quickly 
and without shock. For a very quick emergency stop, the handle can 
be moved to the first reversing notch after checking the speed by dynamic 
braking, but this operation causes severe mechanical and electrical 
stresses; this reversing should never be carried beyond the first notch. 
When the motor is to be at rest for any length of time, open the line 
switch. 

266. Apparatus for Armature Speed Control of D-c Motors. —When 
armature speed control is employed, the same piece of equipment serves 
for both starting and speed control. An ordinary starting controller 
should not be used for armature speed control, however, as it is designed 
not for continuous duty but only for intermittent service as is required 
in starting. In employing a controller for armature speed control, one 
must make sure that it is designed for that type of service and not simply 
for starting duty. Controllers suitable for armature control are avail¬ 
able in both the rheostat and the drum types. 

267. Rheostat-type, armature-control speed regulators (Fig. 124) are 
used for speed reduction with shunt, compound, or series motors in non¬ 
reversing service where the torque required decreases with the speed 
but remains constant at any given speed as with fans, blowers, and cen¬ 
trifugal pumps. They can also be used for applications where the torque 
is independent of the speed, as with job printing presses. However, 
this method of speed control is not suitable for such applications where 
there is operation for long periods at reduced speed, since such operation 
is not economical. It is not possible, where the torque varies, to obtain 
constant speed with these controllers. 

In the regulator shown, the low-voltage release consists of an electro¬ 
magnet enclosed in an iron shell, a sector on the pivot end of the operating 
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arm, and a strong spring which tends to return the arm to the “off” 
position. The magnet is mounted directly below the pivot of the arm, 
and its coil is connected in shunt across the line in series with a protecting 
resistance. When the magnet is energized its plunger rises and forces 
a steel ball into one of a series of depressions in the sector on the arm with 
sufficient force to hold the arm against the action of the spring; each 
depression corresponds to a contact. The arm can be easily moved by 
the operator, however, as the ball rolls when the arm is turned. When 
the voltage fails, the magnet plunger falls and the spring throws the oper¬ 
ating arm to the “off” position. An overload release, similar to that 
described in another paragraph, which operates by opening the low-volt¬ 
age-coil circuit, is sometimes furnished on regulators of this type. Stand- 



Fig. 124.—Armature-control speed regulator, removed from enclosing box. 

ard commercial rheostats of this type are designed to give about 50 per 
cent speed reduction on the first notch. See the following paragraph on 
operation for further information. 

268. Operation of Armature-control Speed Regulators (Fig. 124).— 
Continuous motion of the operating arm starts the motor and brings it 
gradually to maximum speed. Moving the arm over the first few con¬ 
tact buttons increases the shunt-field strength if the motor is shunt or 
compound. The movement over the succeeding buttons cuts out arma¬ 
ture resistance and permits the motor to speed up. 

269. Drum controllers suitable for armature speed control are widely 
used for crane and hoist motors and in railway applications. Their 
general appearance and construction is the same as the drum starter 
shown in Fig. 115. Crane controllers are arranged for reversing service 
and usually for dynamic braking. 

270. Controllers for combined armature and field speed control are 

manufactured in both the rheostat and the drum types. With this type 
of controller the speed may be either increased above normal by means of 
field control or decreased below normal by means of armature control. 
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IV. Mercury timer V. Condenser charge 

Fig. 125.—For legend see opposite page. 
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They are employed when a greater speed range is desired than can be 
obtained with field control alone and also for fan service. They also find 
a limited application in machine work. Controllers of this type for fan 
and machine service are arranged usually to give a 25 per cent increase 
in speed by field control and 50 per cent decrease in speed by means of 
armature control. 

271. Magnetic starters for d-c motors are available in a large number 
of different types for reversing and nonreversing duty, with or without 
dynamic braking and for inching and jogging service. They may be 
used with constant-speed or adjustable-speed shunt or compound motors 
and with series motors. When used with adjustable-speed motors, speed 
control is obtained by means of a field rheostat mounted separately from 
the magnetic controller. 

Where armature speed control is required, it is obtained by controlling 
the functioning of the contactors by means of a master controller. The 
operator adjusts the master controller to the position for the desired 
speed, and this initiates the functioning of the contactors which adjusts 
the resistance to the corresponding value. 

Magnetic starters consist of the necessary magnetic contactors and 
relays mounted on a panel and generally enclosed in a sheet-metal cabi¬ 
net. Practically all magnetic starters and controllers are equipped with 
some form of overload protective relay which opens the circuit of the 
operating coil of the line contactor upon the occurrence of an overload 
on the motor. The master switch for initiating the operation of the con¬ 
troller may consist of an automatic float or pressure switch, a push-button 
switch, or a drum or rotary switch. The automatic switches and the 
push-button masters are used for simple control such as starting and 
stopping or starting, stopping, and reversing, while the drum or rotary 
switch is employed where full speed control by the operator is required, 
as for the control of cranes, hoists, etc. “No-voltage protection” or 
release is provided through the operating coil of the main-line contactors, 
since upon failure or abnormal reduction of the line voltage, the operating 
coil of the contactor will be de-energized, and the contactor will open 
the motor circuit. The principles of the different methods of automati¬ 
cally controlling the acceleration are discussed in Secs. 243 to 249H. 
The appearance of typical magnetic controllers is shown in Figs. 125 
and 125.4. 

272. Field relays must be used with magnetic starters when field speed 
control is employed. This is necessary in order to ensure that the motor 
will be started with full field. These relays are called vibrating or flutter¬ 
ing relays, since during the acceleration or deceleration of the motor their 


Fio. 125.—Typical time-limit controllers for d-c motors. I, General 
Electric Co II, Cutler-Hammer; III, Ward , Leonard Electric Co.; IV, Electric 
Controller & Manufacturing Co.; V, Electric Controller <Ss Manufacturing Co. 
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.. Current-limit type. (Electric Con¬ 
troller and Manufacturing Co.) 


II. Current-limit type. (Ward 

Leonard Electric Co.) 



III. Counter-e.m.f. type. xV. Time-current type. (Electric 
{Ward Leonard Electric Co.) Controller & Manufacturing Co.) 

Fig. 125A.—Typical magnetic controllers for d-c motors. 










Div. 5] 


GENERATORS AND MOTORS 


753 


armatures flutter or vibrate between the open and closed position, alter¬ 
nately shorting and cutting in the field resistance. The operating coil 
of the relay is connected in series with the armature of the motor, and the 
contacts are connected across the shunt-field rheostat. During the start¬ 
ing period, whenever the armature current exceeds the value for which 
the relay is set, the relay will close, short-circuiting the field resistance 
so that the field strength is maximum. After the starting resistance in 
series with the armature has been cut out of the circuit, the field relay 
will hold in until the motor has accelerated sufficiently to reduce the arma¬ 
ture current to the value which will allow the field relay to drop out. 
As it drops out, the field resistance will be cut into the field circuit, thus 
weakening the field strength. This weakening of the field reduces the 
counter-e.m.f. and therefore will cause the armature current to increase 
and further accelerate the motor. The increase in armature current 
causes the field relay to close again, short-circuiting the field resistance. 
This action is rapidly repeated, the relay vibrating between open and 
closed positions until the motor has been accelerated to the speed for 
which the field rheostat is adjusted. The armature current is then at 
its normal value and is not sufficient to operate the field relay, which 
remains open with the field resistance cut into the field circuit. 

273. Methods of Starting Polyphase, Squirrel-cage Induction Motors. 

1. Full-voltage (across the line). 

2. Reduced voltage. 

a. By means of autotransformer (compensator). 

b. By means of series resistor. 

c. By means of series reactor. 

Any polyphase induction motor can be safely started by applying full 
voltage at starting without harm to the motor, but, as discussed in Sec. 
132, the heavy starting current drawn from the line by this method may 
produce too great power and voltage fluctuations in the power-supply 
system. When the starting current must be reduced, one of the methods 
listed in (2) above is employed for reducing the voltage impressed on the 
motor during starting. In method a the motor is connected at start to 
the secondary of an autotransformer. After the machine has accelerated 
sufficiently, the motor is switched over to full line voltage. With this 
method there are just two steps in the sequence of starting operations; 
reduced voltage of some definite value and then directly to full line volt¬ 
age. Starters employing the transformer method of reducing the voltage 
are called compensators or autotransformer starters. In method b t 
resistance is connected in series with the motor leads from the supply. 
One or more steps of resistance may be employed. In most cases only 
one step is used so that the motor is first connected to the line with some 
definite value of resistance in series, and then, after the machine has 
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accelerated sufficiently, it is thrown over to full line voltage. Where 
the starting conditions are more severe or the starting current must be 
more closely regulated, additional steps are employed for cutting out the 
resistance. Method c is similar to the series-resistance method except 
that reactance is inserted in series with the motor during starting 
instead of resistance. With this method only one step of reactance is 
used. 

For the same value of starting torque developed, the autotransformer 
method of starting will limit the first value of peak starting current to 
the lowest value. The amount of power consumed during the starting 
period will be considerably less than with resistance starting. A disad¬ 
vantage of this method is that the motor is generally entirely disconnected 
from the supply during the transition period from reduced to full line 
voltage. This causes a second peak current to be drawn from the line 
at the instant that full voltage is applied. Some power companies will 
not allow the use of autotransforiner starters for this reason. 

With resistance starting, the motor is connected to the supply con¬ 
tinuously throughout the starting period, the motor impressed voltage 
being increased by shorting out the starting resistance. Although there 
will be an increase in line current whenever some or all of the starting 
resistance is short-circuited, the magnitude of such peaks will not be 
nearly so great as the peak current involved at the instant when full 
voltage is applied with autotransformer starting. The resistance-start¬ 
ing method has the advantage that it produces very smooth starting 
conditions with respect both to strains imposed upon the motor and load 
and to the power and voltage fluctuations produced in the supply circuit 
during the starting period. Resistance starting is used in cases where the 
strains imposed upon the load with compensator starting would be detri¬ 
mental or where this method is required by power-supply-company 
regulations. The resistance method is not generally satisfactory unless a 
starting torque of 50 per cent or less of full-load torque is sufficient. 

With series-reactance starting, the same as in resistance, the motor 
connections do not have to be broken during the starting period. The 
reactor is short-circuited when the motor attains its maximum speed on 
reduced voltage. For the same current drawn from the line, reactance 
starting will develop the same starting torque as resistance starting. 
Reactance starting has the advantages over resistance starting that less 
power is consumed during the starting period and that the transition 
peaks of current will be less, owing to the opposing effect of the inductance 
to sudden changes in the current. For the same number of steps, react¬ 
ance starting will produce the smoothest starting conditions of any of 
the three methods of starting. However, in the smaller sizes, control 
equipment of this type is more expensive than either of the other two and 
for all sizes is more expensive than resistance starting. It is not practi¬ 
cable to make reactance starters for more than two steps of starting con- 
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trol, so that, by using a greater number of steps, smoother starting can be 
obtained with resistance starting. For many large motors, a reactance 
starter will be cheaper than a transformer starter, since only two sets of 
switching contacts are required for a one-step starter as compared to 
three sets for a transformer starter. For these reasons, reactance start¬ 
ing is utilized only in the case of very large motors when one or two steps 
of starting will be satisfactory. 

On account of the lower cost of across-the-line starters the general 
practice is to use this type of starting wherever it is possible to use motors 
whose starting currents are within the allowable limits. 

274. Starting with and without Compensators.—The starting current 
taken by a squirrel-cage induction motor at the instant of starting is 
equal to the applied e.m.f. divided by the impedance of the motor. Only 
the duration of this current, and not its value, is affected by the torque 

Compensator 

86a 32a S3a 




Fig. 126.- Starting with and without compensator. 

against which the motor is required to start. The effect of starting with¬ 
out and with a compensator is illustrated by diagrams / and II in Fig. 
126. In this diagram, motor I is thrown directly on a 440-volt line. 
The impedance of the motor is 5 ohms per phase; the starting torque, 

10 lb. at 1 ft. radius; and the current taken, 88 amp. In diagram II a 
compensator is inserted, stepping down the line voltage from 440 to 60 
per cent of 440 or 264 volts. This reduces the starting current of the 
motor to 60 per cent of 88 or 53 amp., and the starting torque becomes 
(0.6) 2 X 10 or 3.6 lb. at 1 ft. radius. The current in the line is reduced 
to 60 per cent of 53 or 32 amp. 

Thus when a compensator is used the starting torque of the motor 
can be reduced to approximately the value required by the load and the 
current taken from the line correspondingly decreased. 

275. Comparison of Autotransformer and Resistance for Decreasing 
Voltage for Starting Squirrel-cage Motors.—The motor in Fig. 127 is 
supposed to require 100 amp. to start it, i.e. t to provide the energy needed 
to produce the necessary starting torque. At /, where an autotrans¬ 
former is used to lower the voltage to 110, a current of 100 amp. is pro¬ 
duced in the motor primary with a current in the line of 50 amp. This 
condition is due to the transformer action of the autotransformer. At 

11 the running connections are shown wherein the autotransformer is 
entirely disconnected from the circuit. At III are illustrated the con- 
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ditions that would obtain were the voltage lowered for starting by insert¬ 
ing resistance in series with the line. Obviously 100 amp. must flow in 
all portions of the line even though the resistance of 1.1 ohms reduces 
the line voltage of 220 to a voltage of 110, which is impressed on the 
motor. There is a loss of energy in the resistance. For the same line 
starting current the starting torque available with the resistance method 
will be considerably less than that developed when a compensator is 
employed. As was stated in Sec. 273, the resistance-starting method 



lOOAmp UOhm lOOAmp. 


I Starting with . — ..« 

Auto -Transformer. I.Runnmg Connections. Resistance- 

Fio. 127.—Starting with resistance and with compensator. 


HL. Starting with 
Resistance- 


has the advantage that it produces very smooth starting conditions with 
respect to both the strains imposed upon the motor and load and the 
voltage fluctuations produced in the supply circuit during the starting 
period. A comparison of starting torques and currents when reducing 
the voltage in the two different ways is given in Table 276. 

276. Comparison of Starting Characteristic with Primary- 
resistance and Compensator Starting 



Starting current 

Staiting current taken 


Voltage impressed on 

taken directly by 
motor in percent¬ 

from line in percentage of 
full-voltage starting current 

Starting torque 
in percentage 

motor in percentage of 

age of full-voltage 



normal voltage 

starting current 
(same for both 

Compensa¬ 

Resistance 

of full-voltage 
starting torque 


methods) 

tor starting 

starting 


50 

50 
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25 
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42 
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277. Across-the-line starters are made in a variety of different types. 
Starters of the same general type differ from each other in details of con¬ 
struction, depending upon the ideas of the manufacturer. The most 
common types of across-the-line starters are given in the following list: 

1. Plain motor-starting switch with no overload protection. 

2. Two-position, fusible motor-starting switch. 

3. Single-throw switch with thermal overload protection. 
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4. Magnetic switch with thermal overload protection. 

5. Circuit breaker with time-limit overload protection. 

278. The plain motor-starting switch is simply a tumbler, rotary, 
lever, or drum switch constructed in an especially rugged manner. It 




IV V VI 

I Tumbler type—suiface mounting ( Trumbull Electric & Manu- 
fiduring Co) 

II. Tumbler type—flush mounting. ( Trumbull Electric <fc Manufac¬ 
turing Co) 

III. Tumbler type. ( Cutler-Hammer ) 

IV. Tumbler reversing type. ( Trumbull Electric & Manufacturing Co.) 
V. Drum type, (< General Electric Co ) 

VI. Rotary, reversing, oil immersed type {General Electric Co.) 

Fig. 128 . —Typical plain motoi stattmg switches without overload protection 
foi polyphase squiri el-cage motors. 


does not provide any overload or undervoltage protection. It is used 
for nonreversing duty in small sizes up to 2 hp. and for reversing duty 
up to 15 hp. Some representative types are illustrated in Fig. 128. 

279. Across-the-line, motor-starting switches of the two-position type 
are made in a variety of forms differing from each other in details of con- 





758 


AMERICAN ELECTRICIANS 9 HANDBOOK [Div. 5 


struction. The fundamental principle of these switches is illustrated in 
Fig. 129. One set of switch contacts is connected in series with fuses in 
the line leads to the motor. A second set of switch contacts operated 



1 Switch assembled m enclosing cahe. II. Diagiam of connec¬ 

tions. 

Fu. 129. Two-position motm-staiting switch. 


from the same lever ns the main switch is connected across the fuses. 
When the switch is thrown from the “oft” to the “on” position, both 
sets of switch contacts are closed. This shunts the fuses out of the cir¬ 



cuit and allows the starting current to 
pass without blowing the fuses. When 
the operating handle is released, the 
auxiliary switch contacts, which shunt 
the fuses, automatically open, while the 
main switch remains closed. It is im¬ 
possible to leave the switch in such a 
position that the fuses are continually 
shunted out of the circuit. These start¬ 
ing switches do not provide any under¬ 
voltage protection. 

280. Single-throw, across-the-line 
starting switches with thermal overload 
protection are shown in Figs. 130 and 
131. The thermal overload protection 
may be obtained by means of thermal 
cutouts, as in the switches shown in Fig. 


Fig. 130. — Motor-starting 130, by means of time-lag fuses, or by 
switch with thermal-cutout me ans of a thermal overload release 
°EUctric r ^ rotoction- general device as j n the switches shown in Fig. 

131. When thermal cutouts or time-lag 


fuses are used, the cutouts or fuses must be replaced after their rupture 


by an overload. With thermal overload releases there is nothing to renew 


after the occurrence of an overload. For a more complete discussion of 
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the principles of thermal overload protective devices refer to Div. 4. In 
the switches of Fig. 131 the thermal overload release device, when actuated 
by an overload, trips the holding catch of the switch and allows the switch 
to open. These starters do not provide any undervoltage protection. 




I Fiont updated (Trumbull Elec- II. Side operated. (Trumbull 
tiir A Manufailuting ('<> ) Electric A Manufacturing Co ) 




III. Push-button operated. IV. Front operated. (General 
(Ward Leonard Electric Co.) Electric Co.) 

Fio. 131.—Typical manual single-throw aeross-the-line starting switches 
with thermal overload protection for polyphase squirrel-cage induction 
motors. 


281. Magnetic, aeross-the-line starting switches consist of a magneti¬ 
cally operated switch controlled from a push-button station. They are 
provided usually with thermal-relay overload and undervoltage protec¬ 
tion. In the switch shown in Fig. 132 pressing the start button closes 
the circuit of the operating coil A of the magnetic switch. This allows a 
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current to flow from L\ to 3, through the start button to 2, through the 
operating coil, and back to L 3 . The operating coil, being energized, 
closes the magnetic switch. The switch in closing also closes the auxiliary 



Fia. 132.—Magnetic aeross-the-line starter. {General Electric Co ) 



I. Non-reversing type with push II. Reversing type, 

button in cover. 

Fia. 133.—Magnetic acioss-the-line starters for polyphase squirrel-cage 
motois. {Trumbull Electric & Manufacturing Co.) 

contact B so that when the start button is released the operating coil is 
still energized through the circuit Li, 1, 2, A f (7, L 3 . To stop the motor 
the stop button is pressed. This opens the circuit of the operating coil, 








Div. 5] 


GENERATORS AND MOTORS 


701 


allowing the switch to open. In case of an overload the thermal relays 
expand and open contact C. This de-energizes the operating coil A and 
allows the switch to open. If the voltage of the line fails or falls to a low 
value, the operating coil will not be energized sufficiently to hold the con¬ 
tacts of the switch closed. As the switch opens, the contacts B are 
opened, so the motor will not start upon return of normal voltage until 
the start button is pressed. 

Magnetic, across-the-line starting switches are made in a variety of 
types for both nonreversing and reversing duty. The reversing types 
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Fig. 134.—Magnetic starter 
with no-fuse motor-circuit switch. 
(Trumbull Electric & Manufac¬ 
turing Co.) 


Fia. 135.—Magnetic starter with 
fused motor-circuit switch. ( Trum¬ 
bull Electric & Manufacturing Co.) 


consist of two magnetic switches electrically interlocked so as to prevent 
the closing of both switches at the same time (Fig. 133, II). 

282. Combination Magnetic Across-the-line Starters. —Magnetic 
across-the-line starters can be purchased which include in the same metal 
enclosure other branch-motor-circuit protective and switching equip¬ 
ment. The following different combinations are available as standard 
equipment: 

1. Magnetic starter and no-fuse, motor-circuit switch (Fig. 134). 

2. Magnetic starter and fused motor-circuit switch (Fig. 135). 

3. Magnetic starter and time-limit circuit breaker (Fig. 136). 

The National Electrical Code rules require the installation of a motor- 
circuit switch on the line side of each magnetic starter. These combina¬ 
tions make a very compact and neat installation for the fulfillment of 
these requirements. Almost any desired combination can be obtained 
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for either nonreversing or reversing service. It is very often desirable 
to include in the enclosure a set of test jacks so that meters may be easily 
plugged into the motor circuit for analysis of voltage, current, and power 
^ conditions. 

283. Safety-enclosed circuit 
breakers (see Div. 4) of the magnetic- 

*, i, overload-trip type may be employed 

for across-the-line starters for poly¬ 
phase induction motors. Breakers 
used for this purpose should be 
equipped with overload protection of 
the inverse-time-lag type. Such 
breakers will fulfill the functions of 
starter, motor-overload protective 
device, and motor-circuit switch. Two 
circuit breakers mechanically inter¬ 
locked so that both breakers could not 
be closed simultaneously could be 
employed for reversing service. 

284. Commercial compensators or 
autostarters consist of an autotrans¬ 
former, a double-throw switching de¬ 
vice, and overload and undervoltage 
protective devices, all compactly 
mounted in a sheet-metal case. They 

can be obtained for either manual or magnetic operation. The manual 
type is provided with a lever outside the case which controls the 
double-throw-switch mechanism. When the handle is in the “off ” posi¬ 
tion the motor and autotransformer are both disconnected from the line. 
Throwing the lever to the “start” position connects the autotransformer 
to the line and the motor to the secondary taps of the autotransformer 
applying the reduced voltage for starting. When the handle is thrown to 
the “run” position, the motor is connected directly to the line, and the 
autotransformer is entirely disconnected from the circuit. The switch¬ 
ing mechanism is so designed that it cannot be left in the “start ” position 
but will automatically return to the “off” position, unless thrown to 
the “run” position after the Htart. 

Most manual compensators are provided with a “stop” button so 
interconnected with the overload protective device that, if pressed, the 
button will actuate the device and open the compensator contacts. 

In the automatic compensator the same sequence of operations as in 
the hand-operated type is performed automatically after the operator 
has pressed the starting button. The acceleration may be time-limit or 
current-limit controlled. Most automatic compensator starters employ 
the time-limit method. The closing of the start button closes the operat- 




Fig. 136.—Magnetic staiter with 
time-limit circuit breaker. ( Trum - 
bull Electric & Manufacturing Co.) 
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ing coil of a magnetic contactor which connects the motor to the line 
through the autotransformer. With time-limit control after a sufficient 
time has elapsed, a definite-time relay closes its contacts, completing the 
operating circuit of a second magnetic contactor. The closing of this 
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Standard compensators 
up to SO hp. have 2 laps, 
and above 50 hp. have 3 
taps. Special compensator 
may have up toS laps and 
^ different tap voltages,,cb- 
£ pending on the service 
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I- Diagram of HI-Auto-transformer 

connections taps 


Fig. 137.—Manual compensator for squirrel-cage motor. (General Electric 

Co.) 


second contactor disconnects the autotransformer from the circuit and 
throws the motor directly across the line. With current-limit control, 
a current-limit relay closes the operating-coil circuit of the second con¬ 
tactor after the current has been reduced to the proper value. 



Fig. 138.—Overload protection provided by relays on a three-phase starting 

compensator. 


In order to stop the motor it is simply necessary to depress the stop 

button, which opens the operating coil of the magnetic contactor, allow¬ 

ing the contacts to open and disconnect the motor from the line. 

Compensators are provided with two or more sets of secondary taps on 
the autotransformers so that the voltage best suited to the required start- 
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ing conditions may be used. Typical compensators are shown in Figs. 
137 to 143. 

The standard compensator does not provide for reversing duty. For 
such service an additional reversing switch of either the manual or mag¬ 
netic type would be required. 

285. Overload protection on 
autotransformer starters is pro¬ 
vided by means of thermal or 
magnetic relays. In manual 
compensators the overload relay 
opens the holding-coil circuit, 
allowing the switch of the com¬ 
pensator to return to the “off” 
position. In magnetic com¬ 
pensators the overload relay 
breaks the circuit of the operating 
coil of the magnetic contactor so 
that the contactor opens. Typi¬ 
cal connections for overload pro¬ 
tection with thermal relays are 
shown in Fig. 137 and those for 
magnetic relays in Fig. 142. The 
relays generally are arranged so 
that they can be adjusted to 
operate at different currents. 
Thermal relays inherently have inverse-time characteristics. When mag¬ 
netic relays are employed, they generally are equipped with devices to 
give the inverse-time feature. An inside view of an autostarter showing a 
thermal overload relay is reproduced in Fig. 139. The overload relays of 
compensators used for high-voltage motors are isolated from the high- 
voltage circuit by means of current transformers, as shown in Fig. 140. 

286. Undervoltage protection is almost always provided on autotrans¬ 
former starters.—For manual compensators the holding coil of the 
compensator switch acts as the undervoltage coil (see Figs. 137 and 140). 
The holding coil is connected across the line when the switch is in the 
running position. If the voltage of the line drops sufficiently the coil is 
de-energized to such an extent that the switch is released and returned 
to its “off” position by its spring. For magnetic compensators the oper¬ 
ating coil of the running contactor acts as the undervoltage coil (see Fig. 
142). If the voltage of the line drops sufficiently, this operating coil is 
de-energized to such an extent that it cannot hold the running contactor 
closed. The holding or operating coils of compensators for high-voltage 
motors are energized from the secondary of a small-voltage transformer, 
as shown in Fig. 140. The secondary voltage of these transformers is 
generally 110 volts. 


Thermal Overload 



Fig. 139.—Auto-starter with cover 
removed showing thermal overload 
relay. ( Westinghouse Electric & Manu¬ 
facturing Co.) 
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287. A magnetic compensator is shown in Fig. 141. It consists of a 
running contactor, a starting contactor, autotransformer, accelerating 
relay, and an overload relay. In the compensator illustrated, accelera- 
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riti. 140. -Manual-compensator diagram for high-voltage squirrel-cage 
motor. {General Electric Co.) 


* * \ 


I. Compensator in enclosure II. With cover removed 

Fig. 141.—Magnetic compensator for squirrel-cage motor. {Westinghousc 
Electric <fc Manufacturing Co.) 


tion is time controlled. This is the more usual method of automatically 
controlling acceleration, but current control is also employed. The com¬ 
pensator of Fig. 142 functions as follows. When the start button 
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is pressed, a circuit is closed from L 2 , through the stop and start 
buttons, to 2, to 12, through accelerating relay contact to 6, through 
operating coil of starting contactor to 5, through overload relay contacts 
to 8, and back to Li. The operating coil of the starting contactor is thus 
energized, and the starting contactor closes, applying reduced voltage 
to the motor through the autotransformer. At the same time a circuit 


Push-button 

stations 



Fig. 142.—Diagram of connections for a magnetic compensator. (Grntral 

EUctric Co.) 

is closed from Z/ 2 , through stop and start buttons to 2, through the motor 
of the accelerating relay to 5, through overload relay to 8, and back to 
Li. Current through coil D closes contact 1-2 and allows current to 
flow from Z /2 through stop button to 1, through contact 1-2 to 12, through 
12-6 to operating coil of starting contactor, and back to Li, even though 
the start button is opened. After a certain definite time the timing motor 
opens contacts 12-6 and closes contacts 12-4. The opening of contacts 
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12-6 breaks the circuit of the operating coil of the starting contactor, allow¬ 
ing the contactor to open, and closes contact 5. The closing of contacts 
12-4 and 5 allows current to flow from Z/ 2 through the stop button to 1, 
through contact 1-2 to 12, through contact 12-4, through the operating 
coil of the run contactor, through contact 5, through the overload relay 
to 8, and back to L\. The operating coil of the running contactor is thus 
energized, and this contactor closes, applying full voltage to the motor. 
Opening the overload relay or pressing the stop button will open the cir¬ 
cuit of coil D. This de-energizing of D will allow contact 1-2 to open, 
which breaks the circuit to the operating coil of the running contactor, 
allowing this contactor to open and disconnect the motor from the line. 

288. A method of starting several polyphase induction motors from 
one compensator is shown in Fig. 143. This can frequently be employed 


Fig. 143.—Starting seveial mo to is from one compensator. 

to advantage where there are a number of motors situated close together 
or where a number of motors must be started from one location. A 
double-throw switch is necessary for each motor to be started, and there 
should be a switch for the compensator. If all the starting switches are 
located close together, so that one operator can open or close tjiem con¬ 
secutively, the compensator need have a capacity only sufficient for serv¬ 
ing the largest motor in the group. If the starting switches are so 
located that several can be operated at once by different men, the com¬ 
pensator must have a sufficient margin of capacity to provide for this. 
After all the motors arc started, the compensator switch is opened, 
eliminating compensator losses. 

289. Commercial primary-resistance starters for squirrel-cage induc¬ 
tion motors are made in both manual and magnetic types. The magnetic 
types generally provide time-limit acceleration. They are similar to the 
starters for d-c motors except that they are provided with resistors and 
switching equipment for each phase, all phases being switched simul¬ 
taneously. In some types the resistance is all cut out in one step, while 
in others the starting resistance is cut out in several steps. The manual 
starters may be of the dial or drum type. A dial type of primary-resist- 
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Fig. 144 —Primary resistance starter of the dial type for Bquirrel-cage motoi 
(<General Electric Co ) 




IfS P Master switch is used in place of 
push button station connect as shown 


I II 

Fig. 145.—Magnetic primary-resistance starter for squirrel-cage motor 
(General Electric Co ) 
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ance starter for a two-phase motor is shown in Fig. 144. With the 
manual starters, overload and undervoltage (if desired) protection must 
be provided separately from the starter in the same manner as discussed 
in Sec. 257. A magnetic starter is shown in Fig. 145. Magnetic starters 
are provided with overload protection and either undervoltage protection 
or release as desired. Primary-resistance starters of the drum and mag¬ 
netic types may be ob¬ 
tained for reversing or 
nonreversing service. 

When manual con¬ 
trol is employed and 
one step of starting 
resistance is satisfac¬ 
tory, a two-position- 
switch type of starter 
(Fig. 146) is sometimes 
used. Throwing the 
operating lever as far 
as it will go in the 
closed position con¬ 
nects the motor to the 
line in series with the 
starting resistance. 

The overload protec¬ 
tive fuses are cut out 
of the circuit in this 
position, and the 
operating arm of the 
switch must be held in 
by hand. When the 
arm is released, a 
spring moves it par¬ 
tially down, closing the main running contacts. In the “ run ” position the 
resistance is cut out, and the protective fuses are inserted in the circuit. 

290. Control apparatus for multispeed, squirrel-cage induction motors 
are made in the following types: 

1. Across-the-line starters. 

a. Mechanically interlocked manual switches or circuit breakers. 

b. Drum switches. 

c. Electrically interlocked magnetic contactors. 

2. Primary-resistor, reduced-voltage starters. 

o. Drum switches. 

b . Magnetic. 

The fundamental principles and general construction of these starters 
are similar to starters of the corresponding types for single-speed, squirrel- 
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Fiq. 146.—Two-position switch type of primary- 
resistor starter for squirrel-eage motor. (Cutler- 
Hammer.) 
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cage motors, except that they must provide means for making the neces¬ 
sary changes in the connections of the stator winding for different speeds. 
Where separate switches are employed for the different connections, pro¬ 
vision should be made for mechanically or electrically interlocking the 
switches. Otherwise the switches for different speeds might accidentally 
be closed at the same time and cause a short circuit. 

291. Starters for Automatic-start Induction Motors.—The starters for 
automatic-start induction motors of the normal-construction type may 
consist of any one of the types of across-the-line starters as described in 
preceding sections for single-speed, polyphase, squirrel-cage induction 
motors. Automatic-start induction motors of the special construction 





i 


Fig. 147.—Dial type of starter or speed regulatoi for wound-rotoi motor. 

( Cutler-Hammer.) 

described in Sec. 164 are started with magnetic starters. These starters 
consist of a primary contactor, a secondary contactor, thermal overload 
relays, and a timing relay mounted in a common enclosure. When the 
push-button or the automatic control is actuated, the primary magnetic 
contactor closes immediately, connecting the line to the rotor. The 
secondary magnetic contactor is still open, the low-resistance winding is 
open-circuited, and the high-resistance, short-circuited winding limits 
the starting current and produces a correspondingly high starting torque. 
The rotor commences to turn and comes quickly up to speed, and after 
a certain time interval the secondary magnetic contactor closes, short- 
circuiting the low-resistance winding. The motor then operates with low 
slip and temperature rise and with good efficiency, until it is shut down 
by the operation of the push-button or automatic control, when the 
magnetic contactors open and the motor is ready for another start. The 
timing relay is adjustable over a wide range, and its operation is not 
affected by temperature or age. 

292. Controllers for wound-rotor motors are manufactured in dial, 
drum, and magnetic types. The same piece of equipment is utilized for 
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both starting and speed control, when speed control is desired. The 
same precautions must be taken in using a controller for speed control, 
however, as are outlined in Sec. 266 for armature speed controllers for 
d-c motors. 

2^93. Dial controllers for wound-rotor motors are similar to dial con¬ 
trollers for d-c motors, except that they have two or three sets of resist- 



Fia 147 1 —Setondaiy coutioiler m combination with magnetic primary 
switch. {Cutler-Hammer.) 

ances controlled by means of two or three contact arms (Fig. 147). 
These controllers control the resistance in the rotor circuit only, so a 
separate switch and overload protection must be provided in the stator 
circuit It is best to have this primary line switch of the magnetic type 
(Fig. 147A) so that it can be electrically interlocked with th^secondary 
controller. With such an arrangement the motor cannot be started 
unless the resistance is cut into the rotor circuit. The connections of a 
wound-rotor motor with such a controller are shown in Fig. 147B. For 
reversing service a reversing switch is provided m the stator circuit. 
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Fig. 1475.—Diagram of connections for dial-type secondary controller with 
primary magnetic switch interlocked with secondary controller. 
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Fig. 148.—Drum controller for secondary control of wound-rotor motors. 

( Cutler-Hammer .) 
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294. Drum controllers for wound-rotor motors are similar in appear¬ 
ance and general construction to those employed for d-c motors (see Fig. 
115), except that the movable contacts control two or three sets of resist¬ 
ances instead of only one set. In addition to those contacts for control¬ 
ling the rotor resistance, some drum controllers are provided with contacts 
for opening and closing the stator circuit. If the drum is not so designed, 



Fig. 149.—Magnetic controller for wound-rotor motor using time-limit con¬ 
trol. {General Electric Co) 

it is best to have the line switch of the magnetic type so interlocked with 
the secondary controller that the line switch cannot be closed, unless the 
resistance is cut into the rotor circuit (Fig. 148). 

Controllers of this type are suitable for nonreversing or reversing 
service. Overload protection and undervoltage protection, if desired, 
must be provided in the stator circuit. 

295. Magnetic controllers for wound-rotor induction motors consist 
of a primary contactor and one or more secondary contactors, depending 
upon the number of steps of secondary resistance employed. They may 
be obtained for reversing or nonreversing duty. Reversing starters 
require two electrically interlocked primary contactors. Time accelera- 
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tion is employed for most of these controllers, but current-limit or 
frequency-limit is used for some applications. A typical magnetic 
controller for a wound-rotor motor is shown in Fig. 149. 

A multicircuit-escapement-tvpe timing relay controls the sequence and 

time of operation of the successive 
_ contactors. A controller using fre¬ 
quency control of acceleration is 
shown in Fig. 149A. 

296. The starting equipment for 
the commutator type of polyphase 
induction motor generally consists 
simply of some type of across-the- 
line starter, as described in Secs. 277 
to 282. In the special cases where 
resistance is connected in series with 
the secondary for starting, the con¬ 
trol would be similar to that em¬ 
ployed for wound-rotor motors. 
The speed control may be regulated 
by shifting the brushes in any one 
of the following three ways: 

1. By means of a handwheel 
mounted on the motor. 

2. By means of a handwheel 
located conveniently for the opera¬ 
tor and connected to the brush- 
operating shaft by a chain drive. 

3. By means of a pilot motor and 
reduction-gear mechanism which is 
mounted on the main motor frame 
and controlled by push buttons 
located at the most convenient 
point for the operator. 

Typical connections for a mag¬ 
netic controller used when motor speed is hand adjusted are shown in 
Fig. 150. The operating coil of the contactor is connected in series with 
a limit switch on the motor so that the contactor will not operate unless 
the brushes arc adjusted to the low-speed position. When a secondary 
resistor is employed for special starting conditions or for obtaining creep¬ 
ing speeds, a magnetic controller is always employed. This controller 
will consist of a primary contactor electrically interlocked with a second¬ 
ary contactor. 

297. Starters for polyspeed induction motors consist of some form of 
across-the-line starter as previously described for single-speed, polyphase, 
squirrel-cage induction motors. 



Fio. 149A. —Magnetic controller 
for wound-rotor motor using fre¬ 
quency control of accelei ation. ( Elec¬ 
tric Controller & Manufacturing Co.) 
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298. The control equipment for synchronous motors of conventional 
design is the same as that for squirrel-cage induction motors with the 
addition of the necessary field-control equipment. The control equip¬ 
ment is usually of either a semiautomatic or full-automatic type. The 
semiautomatic type for reduced-voltage transformer starting (Fig. 150A) 
consists of a standard manual compensator, a field-actuating relay and 
contactor, a field rheostat, and overload and undervoltage protective 
devices. When the starter is in the “off” position the field circuit is 
short-circuited through a proper value of resistance. The throwing of 
the handle of the compensator to the “start” position connects the motor 
to the line through the low-voltage taps of the compensator, leaving the 



Fig. 150.—Diagram of connections for control of commutator-type 
polyphase induction motor when using hand adjustment of speed. (<General 
Electric C'o.) 

field short-circuited. When the handle is thrown to the “run” position, 
the motor is connected directly to the full line voltage, and the field- 
actuating relay is energized. When the motor has reached approximately 
synchronous speed, or after a definite time, the relay operates and ener¬ 
gizes the field contactor which applies excitation to the motor field. 

The essential parts of a full-automatic controller for reduced-voltage 
transformer starting are a line contactor, an accelerating contactor, a 
definite-time relay, a field-actuating relay and contactor, an autotrans- 
foriner, a field rheostat, and overload and undervoltage protective 
devices. When the controller is in the “off” position, the field circuit 
is short-circuited through the proper value of resistance. Pushing the 
start button energizes the accelerating contactor, which connects the 
autotransformer to the line and the motor to the secondary taps of 
the autotransformer. At the same time the definite-time relay is ener¬ 
gized. After the definite-time interval, which corresponds to the setting of 
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the de fini te-time relay, the accelerating contactor opens and the line con¬ 
tactor closes. The opening of the accelerating contactor disconnects 
the autotransformer from the line and disconnects the motor from the 
autotransformer. The closing of the line contactor connects the motor 

directly to the line and energizes the field- 
actuating relay. When the motor reaches 
approximately synchronous speed, the 
field relay closes and energizes the field 
contactor, which closes and applies 
excitation to the field circuit. 

An automatic starter for full-voltage 
starting of s 3 mchronous motors (Fig. 151) 
consists of a line contactor, a field-actuat¬ 
ing relay and contactor, a field rheostat, 
and overload and undervoltage protective 
devices. Pushing the start button 
energizes the line contactor and connects 
the motor directly across the line with the 
field short-circuited through the proper 
value of resistance. When the motor 
reaches nearly synchronous speed, the 
contacts of the field-actuating relay 
automatically close. At a definite time 
after this the field contactor closes, apply¬ 
ing excitation to the field circuit. 

Resistance starters for synchronous 
motors of conventional design are generally 
fully automatic. They are similar to 
primary-resistance starters for squirrel- 
cage induction motors with, as mentioned 
above, the necessary relays and con¬ 
tactors for field control. 

A saturable-reactor type of controller is 
employed sometimes for very large motors, 
when a large number of starting steps are 
required. The principle of this method of 
acceleration is illustrated in Fig. 151-A. 
Each phase is supplied with a saturable 
reactor, which is built on a three-leg iron 
core. Coils on the outside legs of the reactors are connected in series 
with the motor, and coils on the middle leg are connected to a source of 
direct current in series with a rheostat. In starting the motor the d-c 
coils are at first disconnected from their supply. The reactor then has a 
high impedance to alternating current and limits the first inrush of cur¬ 
rent. The d-c coils are then energized with all the resistance of their con- 
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Fig. 150 A.—Reduced-volt¬ 
age semiautomatic starter for 
low-voltage synchronous 
motor. (Westinghouse Elec¬ 
tric & Manufacturing Co.) 
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trol rheostat cut into the circuit. The current in the d-c coils decreases 
the impedance of the a-c coils. As the rheostat cuts resistance out of 
the d-c circuit, the direct current increases still further, reducing the 
impedance of the a-c coils until the reactor core is saturated and the 
impedance of the a-c coils is practically zero. A large number of steps 
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Fig. 151.—Full-voltage full-automatic starting panel for low-voltage syn¬ 
chronous motor. (Westinghouse Electric & Manufacturing Co.) 

is thus easily available for starting the motor. An actual controller 
would generally be automatically operated and would include field-con¬ 
trol equipment for the motor. 

299. The control equipment for synchronous motors with wound-rotor 
secondaries will generally consist of a full-automatic magnetic controller 
of the same general type as used for wound-rotor induction motors with 
the addition of relays and contactors for field control. 
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300. The control equipment for Fynn-Weichsel motors may be of 

either the manual or the automatic type. The manual controllers are 
usually of the faceplate type for motors of sizes up to 20 hp., and of the 
drum type for motors of 25 hp. and larger. The starting equipment and 
its operation whether of the manual or the automatic type are practically 

identical with the corresponding type 
of equipment used with wound-rotor 
induction motors. 

301. Control Equipment for Single - 
phase Motors.—Single-phase motors 
are almost always started by throw¬ 
ing directly across the line. Some 
type of across-the-line starter similar 
to those discussed in Secs. 277 to 282 
for polyphase motors is employed. 
Some of the manual types with 
thermal overload protection are fre¬ 
quently called secondary breakers. 
They are not really circuit breakers, for they are not designed for inter¬ 
rupting short circuits. 

A hand-closing, magnetic-contactor type of starting switch is made 
by one manufacturer (Fig. 1512?). It consists of a magnetic contactor 
which must be manually closed, but when closed has its operating coil 


Saturable c , 
reactors Synchronous 

^ _ H ftBflflflnfl motor 


Lme . 
breaker 



Control 

rheostat 


1 Direct t 
current 1 
Fig. 151 A .—Connections for 
starting synchronous motor with 
saturable reactors. 



Fig. 1512?.—Hand-closing magnetic-contactor starting switch. ( General 

Electric Co.) 


energized, thus keeping the circuit closed until it is opened by hand or 
because of undervoltage. Most of the manual across-the-line starters 
do not provide undervoltage protection. 

When the starting current of the larger sizes is greater than allowable, 
a dial or drum starting rheostat similar to those for d-c motors is generally 
employed. 







Div. 5] 


GENERATORS AND MOTORS 


779 


MOTOR DRIVES AND APPLICATION 

302. Design of Motor Drives.—The proper design of motor drives for 
machines is a very important problem. It involves not only the selection 
of a type and rating of motor but also selection of a method of connecting 
the motor to the driven machine and selection of control equipment. It 
is affected by power supply, driven-machine requirements, space limita¬ 
tions, safety and working conditions for operators, initial cost and operat¬ 
ing costs, production and quality of product, and surrounding conditions. 
The objective is to obtain a final installation which will be the best when 
all considerations are taken into account. The manner of attacking and 
the complexity of the solution of the problem depends upon the particular 
case. In some cases the limitations are so definitely fixed that they dic¬ 
tate only one answer. For instance, a machine requires a speed of 
1,600 r.p.m. and a full-load power of 24 hp. with a very occasional peak 
of 28 hp. and an average load of 20 hp. It is not necessary to maintain 
an absolutely fixed ratio of speed between driving and driven shaft. No 
speed control is required, but the speed should not vary more than 10 
per cent with load changes. The starting-torque requirements are very 
light, but the power company will allow only exceptionally low starting 
currents. The power supply is 60 cycles, 220 volts, three phase. The 
machine is operated in a dry and clean location with normal temperatures. 
In this case there is no difficulty in making the proper selection. A 
normal-torque, normal-starting-current, 25-hp., four-pole, 220-volt, 
three-phase, 1,800-r.p.m., open squirrel-cage induction motor with 
reduced-voltage starting equipment would be used. The motor would 
be belt connected to the machine. 

In many cases the problem is not so simple and it cannot be split up 
into several simple isolated problems that can be answered individually, 
such as selection of type and rating of motor, method of connection, etc. 
The selection of the type of motor and the method of connection are 
interdependent so that the whole problem must be considered as a unit, 
carefully weighing all factors involved. Generally several different plans 
may be used. Each one should be worked out with respect to initial 
cost, operating costs, and maintenance; then the possible solutions should 
be weighed against each other, taking into account, in addition to the 
above costs, the effect of the proposed drives upon safety and working 
conditions of operators, and upon production and quality of product. 

It is evident that in order to design proper motor-drive installations 
it is necessary to have a knowledge of the different methods of mechanical 
connections and of their advantages and limitations and all the other 
important factors that will affect the correct selection of motors. In 
the following paragraphs the important points that must be considered 
in the selection of motors and mechanical connections are discussed, 
followed by tables which, it is believed, will be helpful guides to proper 
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selection. In the latter part of this division under Installation of Motors 
and Generators is given the procedure for the design of the different types 
of drives. 

303. Methods of Driving Machines. —There are two methods that 
may be employed for driving the individual machines of a shop. Each 
machine may be equipped with its own individual motor. This is called 
individual drive. In other cases a single motor may be employed to 
drive a group of machines by means of shafting and belts. This is called 
group drive. There are no hard and fast rules that can be made favoring 
one method over the other for every application. Each case should be 
decided on its own merits through a careful consideration of the advan¬ 
tages and disadvantages of each method for that particular installation. 

The factors to be considered in making the selection are: initial cost, 
operating cost, production, working conditions, quality of product, 
nature of work, and nature of construction of the building. A discussion 
of these factors is reproduced in the following sections through the 
courtesy of the General Electric Company. 

304. Initial Cost of Drive. —There is no doubt that considerable saving 
in the initial cost of the motor equipment can usually be made with group 
drive. For sizes below 5 hp., the cost per horsepower is greater than for 
the larger sizes. In general, a saving in investment will be realized with 
group drive: 

1. Where there are compact groups of constant-speed machines which 
will be required to run continuously or simultaneously. 

2. With compact groups of machines which, because of their diversity 
factor in operation, may be driven by a single motor of much smaller 
rating than the combined capacities of the motors required for individual 
drive. That is, it is seldom that all machines in a group will be fully 
loaded at the same time, and a motor capable of carrying the average 
load of the group may therefore be selected, its overload capacity being 
sufficient to care for any short-time overload conditions. 

3. With groups of constant-speed machines, where heavy peak-load 
demands might require individual motors of a size considerably in excess 
of the average running load. 

4. When the motors required for individual drive are small. 

5. In changing over existing installations, where the line shafting is 
already installed. 

Under certain conditions, however, the initial cost will usually be less 
with individual drive: 

1. Where machines are isolated, requiring long lines of shafting to 
combine with other groups, so that the cost of the transmission more than 
offsets the extra expense of individual motors. 

2. Where the roof construction will not safely support line shafting, or 
where the additional expense of making it sufficiently strong would be 
too great. Occasionally, it is possible to mount the line shafting on the 



Div. 6] 


GENERATORS AND MOTORS 


781 


ceiling of the room below and drive up through the floor. The holes cut 
through the floor to accomplish this purpose weaken the floor and increase 
the fire hazard so that this scheme is inadvisable; while on the first floor, 
with no basement underneath, it is impossible. 

305. Operating Cost of Drive.—Unless carefully maintained, the trans¬ 
mission equipment will decrease in efficiency on account of gradual mis¬ 
alignment of shafts, increased belt slippage, etc. These losses may be 
offset, in part at least, by the fact that the efficiency of a motor of large 
size used with group drive is better than that of the small-sized motors 
used with individual drive. 

There may be a power saving in favor of group drive: 

1. In shops where a maximum-demand charge is made, based on the 
horsepower of the connected load. 

2. Where the efficiency and power factor (if there is a power fac¬ 
tor penalty clause) are high because of a nearer approach to full-load 
conditions. 

This point is usually overstressed, as there are many plants equipped 
with individual drive with a power factor of around 80 per cent, while, 
in many plants with group drive, the power factor is low. In lining up 
machines for group drive, the assumption is automatically made that 
each of the machines will be operated most of the time, although probably 
not at capacity. There are many times, however, when possibly only 
two or three machines out of a group of six or eight are actually operating 
simultaneously. 

There would be a power saving in favor of individual drive: 

1. Where many machines operate intermittently or at infrequent 
intervals. 

2. Where much overtime work involving only a few machines is car¬ 
ried on. 

3. Where long lines of shafting cause large transmission losses which 
can be eliminated by substitution of individual drive. 

306. Production as Affected by Drive.—In many installations it is 
possible to increase production with individual motorized drive: 

1. By the use of individual magnetic control, whereby the workmen 
may remain in position to observe the progress of the work and, at the 
same time, have full control over the driving equipment. 

2. Where it is desired to obtain elaborate or specialized control, 
which may be expensive, cumbersome, or inefficient to accomplish by 
mechanical means. A good example of such a condition is in printing- 
press drive. 

3. By closer regulation of speed, through elimination of belt slip. 
Every successive belt through which power is transmitted in group drive 
usually results in a drop in speed. In laying out installations, reasonable 
allowance is made for this slip, but, unless considerable attention is paid 
to maintenance of shaft alignment, belt tension, and load conditions, 
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machines will frequently be found running under speed after being in 
operation any considerable length of time. 

4. Where some considerable portion of the time is required in setup 
work, taking advantage of the more flexible control possible with an 
individually motorized equipment. 

5. Through less wholesale interruptions due to breakdowns. Many 
times, with individual drive, production may be temporarily diverted to 
other machines; with group drive, several machines are affected. 

6. Where arranging machines in line for line-shaft drive does not allow 
a logical arrangement of machines for production purposes. This is 
particularly important where a rearrangement of the machines is neces¬ 
sary from time to time to keep step with changing conditions. 

7. Where the size of the work is such that it is easier, or necessary, to 
use portable tools. In these cases the tool is moved to the work, and a 
number of setups and changes in position of a large casting are avoided. 

8. By using certain special tools and motors particularly designed for 
specialized work. The high-speed motors used in woodworking and 
grinding machinery are very good examples of this. Belt speeds in excess 
of 6,000 ft. per min. would often be necessary, which would result in 
very unsatisfactory operation. The combination of a fairly large amount 
of power per spindle and a very high speed is met here by individually 
motorized spindles, as well as by individually motorized machines. 

307. Working Conditions as Affected by Drive. —It is generally 
admitted that working conditions are inherently better with individual 
drive than with group drive. 

1. There is less danger, particularly for the maintenance men, from 
belting, shafting, etc. 

2. The psychological effect of working near rapidly moving belts and 
pulleys is unquestionably bad and has a tendency to increase fatigue, 
with consequent harmful effect on precision work. 

3. Better light and circulation of air are obtained. Lighting conditions 
are particularly important where artificial light is required, and overhead 
belting and shafting practically preclude the shadowless lighting so 
necessary to safety and to accurate work. 

4. There is no danger of belts working from loose to tight pulleys, 
causing unexpected starting of machines. 

5. In many cases, manipulation of the driven machine can be made 
safer for the operator. Good examples are emergency stop stations, 
located at important points about a machine where hazardous operations 
are performed; “safety-first” switches which may be locked in the “off” 
position, preventing their operation by unauthorized persons. 

308. Quality of Product as Affected by Drive.— The effect of overhead 
shafting and rapidly moving belts and pulleys on precision work is dis¬ 
cussed above under Working Conditions. 
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There are other ways in which individual drive aids toward a product 
of better quality. 

1. Where the more precise speed maintenance results in a more uniform 
product (as in some textile, most grinding, and many woodworking 
operations). 

2. Where the product requires conditions of exceptional cleanliness, 
which are difficult to obtain with overhead shafting and belts. 

309. Miscellaneous Considerations in Selecting Type of Drive.— 
Under some circumstances, the use of group drive is almost automatically 
ruled out by the construction of the building or the nature of the work. 
Such conditions are found: 

1. In plants where fairly heavy work is done, requiring clear overhead 
space for traveling cranes. The convenience, and often the necessity, 
of this moving material will offset any advantages group drive may 
otherwise have. 

2. Where machines are installed under galleries where* there is not 
sufficient overhead room for line shafting. 

3. Where automatic or remote control of a machine is desired, for 
example, control for a pressure tank or sump pump. 

4. In plants where periodic tests are made on each machine to deter¬ 
mine the amount of power being used. With individual drive and jack- 
type switches, such tests may be made without stopping a single machine; 
with group drive, a shutdown of all machines in the group would be 
necessary before completing the test. 

310. Summary of Factors Affecting Choice of Drive.—In general, it 
may be said that any compact group of machines which may be equipped 
with a motor of considerably smaller capacity than the combined capaci¬ 
ties of the motors required for individual drive should be considered for 
group drive; any machine operating at a fairly constant load, not much 
below its maximum, should be equipped with individual drive. 

The cost of maintenance will be little different as between the two 
methods. Whatever is saved on motor maintenance with group drive 
because of fewer and possibly more accessible motors, is likely to be used 
up in maintaining and inspecting line-shaft bearings, belts, pulleys, 
clutches, etc. 

All power costs, including fixed charges, rarely make up more than 
3 or 4 per cent of the cost of the finished product. Therefore, any sav¬ 
ings along these lines, although not to be overlooked, are not relatively 
so important as some of the other factors. 

The question of production is far more important. Any means 
whereby production can be increased, by speeding up the process, con¬ 
serving the workmen’s time, locating machines for improved sequence of 
operation, or making handling of the material easier, will in practically 
every instance overrule all other factors. 
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311. Motors may be mechanically connected to machines in several 
ways. When the speed of the motor is the same as the speed desired for 
the machine, direct coupling of the motor shaft to the machine shaft is 
used. When the speed of the motor is different from the speed of the 
machine shaft, a connection must be used which will give the proper 
speed ratio between the motor and the machine. A speed ratio may be 
secured by using a flat belt, V belts, a chain, or a set of gears. With 
belts the speed ratio is inversely proportional to the effective diameter 
of the two pulleys. With chain or gears the speed ratio is inversely pro¬ 
portional to the number of teeth on the two sprockets or gears. In some 
cases a variation in speed may be obtained by using variable-diameter 
pulleys or more than one set of gears, which can be shifted. 

312. The factors to be considered in selecting the method of connec¬ 
tion of the motor to the machine are the speed ratio desired, the peak 
loads to be transmitted, the positiveness of the drive, the space required, 
the noise, the maintenance, the appearance, and the first cost of the 
motor and the method of connection. Since the horsepower of a motor 
is given by the following formula, 

„ 6.28 X r.p.m. X T /cs Q iAO 1N 

Hp. =- 33^66 - (See SeC ’ 103 ’ Div * 

it follows that for a given horsepower, if the speed of the motor 
is increased, the torque needed is decreased. To produce torque in a 
motor costs money for windings to create the necessary magnetic flux 
and for steel to provide a path for the flux. Therefore, the smaller the 
torque and consequently the higher the speed the cheaper will be the 
motor. For very high speeds, however, the extra strength which must 
be built into the rotor to enable it to withstand the high centrifugal force 
more than offsets the saving due to the lower torque required. 

The 1,800-r.p.m. motor is usually the cheapest motor, higher speed 
motors being more expensive on account of the higher centrifugal force 
and lower speed motors being more expensive on account of the greater 
flux and torque required. Therefore, one of the first factors to consider 
in the selection of the mechanical connection of the motor to the machine 
is to see if an 1,800-r.p.m. motor can be used. The speed of the shaft 
on the machine to which the motor is to be connected varies with the type 
of machine and is frequently much lower than 1,800 r.p.m. For example, 
on forging machines using large flywheels the shaft speed may be as low 
as 50 to 60 r.p.m.; on machine tools, such as lathes, drills, millers, etc. 
it may be between 200 and 300 r.p.m. Speeds as high as 1,000 to 2,000 
r.p.m. occur on grinders and woodworking machines. In most cases, 
therefore, some reduction in speed is required between the motor and the 
machine. Direct connection of the motor to the machine shaft with a 
flexible or rigid coupling can be used only where the speed of the shaft 
can be the same as the speed of the motor. Belts, gears, or chains must 
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be used in all other cases to effect a change of speed between the motor 
and the shaft. 

For a speed of 1,200 r.p.m., a 1,200-r.p.m. motor directly coupled to 
the shaft will usually be more practical than an 1,800-r.p.m. motor with 
a belt, gear, or chain connection to the 1,200-r.p.m. shaft. For speeds 
between 600 and 13 r.p.m., gear motors may be used. These motors 
have a rotor speed of 1,800 r.p.m. and gears built into the end frame of 
the motor to give the output shaft speed desired. These motors cost 
about twice as much as a high-speed motor with belt drive but are fre¬ 
quently used on account of the saving in space and elimination of trouble¬ 
some belts. They are available in three classes of construction, according 
to the severity of service (see Sec. 126). 

313. Belt drive is the least expensive method of connection where 
speed ratio is required. The factors to be considered when applying a 
belt drive are: speed ratio, pulley sizes, belt speeds, distance between 
pulley centers, type of belt, size of belt, number of belts, number of pul¬ 
leys, use of idler pulleys, and slippage. The maximum speed ratio which 
can be obtained with belt drive is limited by the practical sizes of pulleys 
obtainable, the arc of contact of the belt on the smaller pulley, and the 
practical distance between the pulleys. The maximum practical speed 
ratio may be as high as 10 to 1 for fractional horsepower motors but is 
about 6 to 1 for ordinary sizes and not more than 4 to 1 for motors of 50 
hp. and up. As the diameter of a motor pulley is reduced the strains on 
the motor bearings and shaft are increased. A minimum size of pulley 
is therefore specified by N.E.M.A., as given in Sec. 394A. The maxi¬ 
mum diameter of motor pulley is in nearly all cases limited by the belt 
speed, which should not exceed 5,000 ft. per min. This will occur only 
for machines which operate at a higher speed than the motor. Flat 
belts are slightly cheaper than V belts but have a shorter life and are 
more noisy and more dangerous. Flat belts with a high speed ratio 
usually require idler pulleys, and space must be available for the idler 
pulley when required. There is always some slippage between the belt 
and the pulleys, and a belt drive should be used only where a positive 
drive is not required. 


314. Maximum Horsepower Limits for Two-bearing Motors 
for Belt Drive (General Electric Company) 


Motor speed, 
r.p.m. 

Flat-belt 
drive, 
max. hp. 

V-belt drive, max. 
hp. 

Motor 

speed, 

r.p.m. 

Flat-belt 
drive, 
max. hp. 

V-belt drive, max. 
hp. 

1.700-1,800 

40 

60; ball-brg, 75 

680-720 

200 

300 

1,440-1,500 

40 

60; ball-brg, 75 

560-600 

200 

300 

1,150-1,200 

75 

100; ball-brg, 125 

500-514 

150 

300 

850- 900 

125 

200 

440-450 

150 

250 
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816. Chain drive is a more positive drive than belt drive, and, although 
it is more expensive than belt drive, it is used where slippage under vary¬ 
ing loads is not desired. The factors to be considered when applying a 
chain drive are: speed ratio, the size of sprockets, width of chain, chain 
speed, and noise. The maximum speed ratio for a chain drive is about 
8 to 1 with a maximum chain speed of 1,500 ft. per min. For quietness 
and smoothness a speed of 600 ft. per min. or less is desirable. A chain 
drive is more noisy than belt drive. 

816. Maximum Horsepower Limits for Two-bearing 
Motors for Chain Drive (General Electric Company) 


Motor Speed, R.p.m. 

Max. Hp. 

1,700-1,800 

5 

1,440-1,500 

10 

1,150-1,200 

25 

850- 900 

50 

720- 750 

75 


317. Gear drive is an absolutely positive drive but is the most expen¬ 
sive method of connection. The factors to be considered when applying 
a gear drive are: speed ratio, gear sizes, pitch-line speed, space, and noise. 
The maximum speed ratio is about 10 to 1 for a single set of gears, but any 
speed ratio is obtainable by using several sets of gears. Where the 
pinion of ordinary spur gearing is mounted on the motor shaft, two-bear¬ 
ing motors should be limited to the maximum horsepower values given 
for chain drive in Sec. 316. The maximum pitch-line speed with steel 
pinions is about 1,300 ft. per min. Gear drive usually is compact and 
takes up only a small space but is more noisy than the other methods. 
It should be used on any application where slippage or breaking of the 
belt or chain would be seriously dangerous. It can also be used for much 
larger speed ratios than are practical with belts or gears. 


318. Comparison of Methods of Connection for Adjustable-speed Drive 


Type of motor 

Type of diive 

Space iequired 

Speed 

variation 

ratio 

First 

cost 

('oiihtant speed... . 

Variable pitch 
motor pulley 

Same hn V-belt con¬ 
nection 

J j 4:1 

Low 

Constant speed. 

Separate unit with 
variable-diameter 
pulleys 

Considerable 

3J 2 : 1 

Medium 

Constant speed. 

Variable-diameter 
pulley unit built 
on motor housing 

Moderate 

3H:1 

Medium 

Constant speed. 

Variable-position 

rollers 

Small 

10:1 

High 

Adjustable speed. 

Direct coupling 

Small 

4:1 

High 
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819. Comparison of Methods of Connection for 
Constant-speed Drive 


Type of drive 

Relative 

noise 

! 

Space required 

Speed ratio 
obtainable 

Peak load 
transmitted 

First cost 

1. Direct coupling, 
standard motor. 

0 

Small; motor 
must extend 
out from end 
of drive shaft 

0 

Limited only by 
motor 

1 (considered as 
lOO per cent) 

2. Direct coupling, gen¬ 
eral-purpose gear 
motor. 

Slight 

Same as 1. An¬ 
gle drive ob¬ 
tainable in 
small motors 

Any 

Full load 

2 times the 
standard motor 

3. Direct coupling, spe¬ 
cial-purpose gear 
motor. 

Slight 

Same as 2 

Any 

150 per cent of 
full load 

1\ { i, times the 
standard motor 

4. Direct coupling, 
heavy-duty gear 
motor. 

Slight 

Same as 2 

Any 

200 per cent of 
full load 

3 times the 
standard motor 

5. V belt. 

0 

Moderate 

10:1m fraction¬ 
al-horsepower 
sues; down to 

4 :1 for 60 hp. 
and up 

Any by multi¬ 
plying motor 
horsepower by 
a service factor* 

1H times the 
standard motor 

6. Flat belt 

Consid¬ 

erable 

Considerable 

Same as 5 

Same as 5 

Slightly higher 
than for stand¬ 
ard motor 

7. ('ham 

Consid¬ 

erable 

Moderate 

8:1 

Same as 5 

1 % times the 
standard motor 

8. Gear 

High 

Small 

10 :1, single re¬ 
duction; 100 : 1, 
double reduc¬ 
tion 

Same as 5 

Hi times the 
standard motor 


1 Refer to Sec. 396Z). 


820. The important factors to be considered in selecting a motor are: 

1. Power supply. 

a. Type of system—<l-c or ft-c; frequency; number of phases. 

b. Voltage and frequency conditions. 

c. Effect of motors on power-supply system. 

d. Power rates. 

2. Requirements of driven machine. 

a. Speed. 

b. Mechanical arrangement. 

c. Power and torque. 

d . Special conditions. 

3. Surrounding conditions. 

a. Ambient temperature. 

b. Atmospheres. 

c. Water. 

d. Altitude. 

e. Quietness. 
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4. Codes, standards, and ordinances. 

A summary of motor characteristics is given in Sec. 337. 

321. The type of power-supply system available in most cases answers 
the question of whether a-c or d-c motors will be used as well as the fre¬ 
quency of the motors if a-c. For most applications either a-c or d-c 
motors will be satisfactory. In some cases special requirements of extra- 
wide speed range, large number of adjustable-speed machines, or 
severe accelerating or reversing duty may justify the conversion of 
alternating to direct current. 

If a new power plant is to be installed, the operating conditions may 
sometimes affect the choice of current. Even in this case the characteris¬ 
tics of the new plant generally should agree with those of the nearest 
central station in order to obtain breakdown service and to operate eco¬ 
nomically with central-station energy on reduced loads. For certain 
applications, d-c motors are preferable; for example, in adjustable-speed 
service, as in machine-tool operation, in service where frequent starts 
must be made with very high torque, or in reversing service, as in the 
operation of cranes, hoists, etc. The voltage of a-c circuits can be so 
readily transformed up or down that such energy is more economical for 
distribution over considerable areas. For plants extending over a con¬ 
siderable area or distributing energy to distances, say, of }/± mile or more, 
alternating current is nearly always more economical. 

For a-c motors, three phase, 60 cycles is most desirable except for small 
fractional-horsepower motors. The demand for two-phase motors is 
small, and they are therefore not generally available in stock for quick 
shipment. If a multispeed motor is desired where the power supply is 
two phase, it is best to transform to three phase for this machine, as 
multispeed motors are difficult to wind for two phase. Standard 60-cycle 
motors are usually suitable for operation on 50-cycle systems with some 
modification in their ratings and characteristics. The demand for 40- or 
25-cycle motors is so small that they are not generally available in stock. 
For special high-speed applications in the woodworking industry and for 
portable tools, motors of higher frequencies than 60 cycles are available 
and are sometimes advantageous. The power supply can be obtained 
by means of an induction frequency changer. 

322. The conditions of the supply voltage and frequency, if alternating 
current, with respect to value and regulation must be known in order to 
select the proper motors and control. With a-c systems the voltage can, 
of course, be changed through transformers wherever it is advisable. 
Table 323 gives a guide for good practice in the maximum and minimum 
horsepower limits for the different standard motor voltages. 

Motors will operate successfully under some conditions of voltage and 
frequency variations but not necessarily in accordance with the standards 
established for operation at normal rating (see Sec. 180). 

Where the variations in voltage and frequency exceed those limits, 
special motors and control will probably be required. 
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The voltage regulation of the supply should be known in order to select 
motors which will deliver sufficient torque, even with the probable drop 
in voltage, to start and carry the load. All induction-motor torques 
and synchronous-motor starting torque and pull-in torque vary as the 
voltage squared. 

The speed of a-c motors will be affected by the frequency of the supply 
voltage as discussed in previous sections for each type of motor. 

323. Guide to Horsepower Limits of Individual Motors 
for Different Systems 


Voltage | 

Min. hp. | 

Max. hp. 

A-c, one-phase 

110-115-120 

None 

1>2 

220-230-240 

None 

10 

440-550 

5 

10 

A-c, two- and three-phase 

110-115-120 

None 

15 

220-230-240 

None 

200 

440-550 

None 

500 

2,200 

40 

None 

4,000 

75 

None 

6,600 

400 

None 


D-c 


115 

None 

30 

230 

None 

200 

550-600 

M 

None 


324. The effects of motors and their control on the power-supply 
system will affect the selection of the proper type of motor. 

The effect of motor-starting currents upon the supply and permissible 
limits for starting currents are discussed in Sec. 132. 

With fluctuating loads, care should be taken to see that the following 
limits are not exceeded: 

1. Frequencies of current pulsation in the range of 250 to 600 per min¬ 
ute may cause objectionable light flicker even if the voltage variation is 
as small as of 1 per cent. 

2. The usual limit for current pulsation is 66 per cent of motor full-load 
current, although in some cases the system regulation may require a limit 
of 30 or 40 per cent to avoid light flicker. 

325. Effect of Power Rates on Motor Selection.—When speed adjust¬ 
ment is required, the energy charge in the power rates should be 
considered in the selection of the type of motor and in making selection 
between mechanical adjustable-speed drive and an adjustable-speed 
motor. 

The power rates are generally based on the maximum demand of the 
consumers. The choice of motor and use of flywheels may smooth out 
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the power demand. This will keep the maximum demand down and 
lower the rate. 

A power-factor clause is incorporated in many rate schedules. These 
adjust the rate according to the power factor to the load or involve a 
penalty or bonus for power factors that are below or above certain values. 
In such cases, consideration should be given to the use of synchronous 
motors or power capacitors. 

326. Effect of Speed Requirements on Motor Selection.—Since there 
is a great difference in the speed characteristics of different types of 
motors, the maximum allowable speed regulation (variation in speed 
with load) on the driven machine is an important factor in the selection 
of the proper motor. The actual operating speed, number of speeds or 
the speed range required are factors which must be considered in the 
joint selection of type of motor and mechanical connection. See Secs. 
311 to 319 for description and comparison of different methods of mechan¬ 
ical connection. Where speed control of the driven machine is required, 
it may be obtained through speed control of a motor of the proper type 
or by means of a motor coupled to the machine through a mechanical 
speed-adjusting connection. 

Close speed regulation is desirable for many applications such as 
machine tools, textile machinery, and similar work. 

Where large peak loads occur, wide speed regulation is desirable. 
This will allow the motor to slow down under the peak loads and reduce 
the horsepower carried at these moments. If the motor has a small 
speed regulation it may be greatly overloaded at the peak loads unless 
the machine is equipped with an exceptionally large motor. 

For peak loads occurring periodically, where the peaks occur less than 
25 times per minute, flywheels should be employed with motors having 
a wide speed regulation. This will allow the use of a smaller motor and 
will tend to even out the peaks of power drawn from the supply. 

327. Mechanical-arrangement features of the driven machine should 
be taken into account in motor selection. The General Electric Com¬ 
pany makes the following recommendations: 

1. Horizontal or Vertical Shaft. —Arrangement of the driven 
machine usually determines whether a horizontal or vertical motor is 
needed. Horizontal motors are more generally available and less expen¬ 
sive; most grease-lubricated, ball-bearing motors will operate in either 
position. Fractional-horsepower, waste-packed, sleeve-bearing motors 
are satisfactory for short periods of vertical operation where no thrust 
is involved. 

2. Tilted Shaft. —If momentary, this will require special construc¬ 
tion of bearing housings for oil-ring-lubricated, sleeve-bearing motors, to 
avoid loss of lubricant. In case of long periods of tilted operation, bear¬ 
ings suitable for end thrust may be necessary. Ball-bearing motors with 
grease lubrication are suitable for tilted operation. 
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3. Inverted Operation and Rolling. — a. Where the driven machine 
requires mounting the motor with the feet above or to one side of the shaft, 
rearrangement of the end shields of most motors makes them suitable. 

b. If the driven machine requires operation of the motor at a changing 
angle from the horizontal (shaft remaining horizontal) of more than 10 
or 12 deg., ball-bearing motors will usually be required. Within this 
angle, sleeve-bearing motors with modified oil gages are applicable. 

4. Portable Machines. —A portable type of driven machine may 
require motors and control of greater compactness and less weight than 
standard and may necessitate special bearing construction for ring-oiled, 
sleeve-bearing motors. 

328. The horsepower and torque requirements of the driven machine 

are main factors in determining the proper motor rating, type of motor, 
and motor-control equipment. The greatest care should be exercised 
in determining as accurately as possible the horsepower required and 
both the starting- and running-torque requirements. The motor must 
not only have sufficient horsepower and torque capacity under running 
conditions but must be able to develop sufficient torque at starting in 
order to start the load satisfactorily under the most severe starting con¬ 
ditions that may be encountered in that particular application. Some¬ 
times all these requirements will be known from past experience. In 
all cases, where it is possible, it is best to conduct tests so that the power 
and torque requirements can be accurately determined. Money spent 
in such determinations is wisely expended even if it requires the rental of 
a motor for conducting the tests. In performing tests it should be 
remembered that the test-motor losses must be subtracted from the power 
input to the motor, since the motor to be purchased is rated on horse¬ 
power output. 

If the power and torque requirements cannot be determined from past 
experience or test, the information can generally be obtained from the 
manufacturer of the machine to be driven or from the motor experts 
of motor manufacturers. Wherever there seems to be any question 
with respect to the accuracy of such information, it should be carefully 
checked, since the machine-tool manufacturers often overestimate the 
horsepower required so as to be on the safe side. The result is that the 
motors run only partially loaded at considerably reduced efficiency. 
The electrical losses and interest and depreciation on the unnecessary 
extra investment may be a considerable amount in a large installation. 

Whenever the frequency of the starting periods is great, more than 
four to six times per hour, it is best to consult the motor manufacturers. 
Such frequent starting may require special motors and control. 

829. Horsepower Rating of Motor. —After having determined the 
horsepower requirements of the load, select a motor with sufficient horse¬ 
power rating to take care of these requirements. See Sec. 180 for dis¬ 
cussion of motor ratings. 
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330. Any special conditions of operation of the driven machine must 
be carefully considered. Some machines such as propeller-type fans and 
deep-well pumps impose an axial thrust on the motor bearings. In some 
cases standard ball-bearing motors will furnish sufficient thrust capacity. 
For extremely heavy thrusts, special plate-type, oil-lubricated bearings 
may be required. 

For some tools such as precision grinders, in order to ensure high quality 
of the finished product, specially balanced motors are required in order 
to give very small amplitudes of vibration. 

Sometimes the driven machine requires limited or even zero end play. 
This will necessitate the use of preloaded ball bearings or sleeve bearings 
with end-play-limiting devices. 

331. The surrounding conditions of temperature, atmospheres, and 
water must be carefully determined in the application of motors. Refer 
to Sec. 128 for a discussion of the different standard types of enclosures 
available and a guide to the surrounding conditions under which their 
applications will be satisfactory. For a discussion of rating of motors 
and effect of room temperatures upon operation, refer to Sec. 130. When 
the motor and control will be subjected to any unusual risk such as those 
listed below, the manufacturers should be consulted. 

Unusual Risks 

1. Exposed to chemical fumes. 

2. Operated in damp places. 

3. Operated at speeds in excess of specified overspeed. 

4. Exposed to combustible or explosive dust. 

5. Exposed to gritty or conducting dust. 

6. Exposed to lint. 

7. Exposed to steam. 

8. Operated in poorly ventilated rooms. 

9. Operated in pits or where entirely enclosed in boxes. 

10. Exposed to inflammable or explosive gases. 

11. Exposed to temperatures above 40°C. or below 10°C. 

12. Exposed to oil vapor. 

13. Exposed to salt air. 

14. Exposed to abnormal shock or vibration from external sources. 

332. Water (General Electric Company).—Where operation for long 
periods under water is required, special enclosed equipment, with counter 
air pressure to prevent the entrance of water, is usually necessary. 

For occasional flooding or submersion, extremely tight totally enclosed 
nonventilated motors equipped with stuffing boxes may suffice. 

Where “hosing down ” or splashing of water is involved, splashproof 
motors will usually meet all but extreme conditions, the latter requiring 
enclosed motors. 
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333. Altitude (General Electric Company).—No change in design is 
considered necessary for most electric machines for altitudes not exceed¬ 
ing 3,300 ft. above sea level. For higher altitudes, the temperature rise 
of electric machinery generally will increase approximately 1 per cent 
for each 330 ft. increase in altitude above 3,300 ft. 

334. Quietness (General Electric Company).—Installations in resi¬ 
dences and in public buildings, such as theaters, hospitals, and schools, 
may require the use of quiet motors and sound-isolating bases. In many 
cases, special building layout and construction may be needed to ensure 
the necessary degree of quietness. 

336. Codes, Standards, Ordinances (General Electric Company).— 
Motors and control must conform to local and national standards such 
as shown below in order to (a) permit connection of power, ( 6 ) satisfy 
safety and fire requirements, and (c) permit lowest insurance rates. 

1. N.E.M.A. standards, which specify mounting dimensions for induc¬ 
tion motors and, in general, minimum performance characteristics for all 
types of motors and control. 

2. A.I.E.E. standards, which specify temperature limits for insulation 
materials and prescribe the methods of rating and testing apparatus. 

3. The National Electrical Code, which is the general guide of 
inspectors in determining acceptability of enclosures, protection, and 
installation of motors. 

4. State laws, w'hich stress safety and reduction of fire hazards. 

5. City ordinances, which may specify particular construction con¬ 
sidered necessary locally to avoid fires and accidents. 

336. Standard Ratings of Motors. —The standard horsepower ratings 
of motors are Mo, K 2 , X, X, X, X, X, X, 1 , ltf, 2 , 3, 5, 7X, 10 , 15, 20 , 
25, 30, 40, 50, 60, 75, 100, 125, 150, 200, 225, 250, 300, 350, 400, 450, 500, 
600, 700, 800, 900, 1,000, 1,250, 1,500, 1,750, 2,000, 2,250, 2,500, 3,000, 
3,500, 4,000, 4,500, and 5,000 hp. 

The standard full-load speed ratings for d-c motors are 3,500, 1,750, 
1,150, 850, 690, 575, 500, 450, 400, 350, 300, 250, 200, 150, and 100 r.p.m., 
except that small motors J 3 hp. and less have only two standard speeds 
of 1,725 and 1,140 r.p.m. 

The standard speeds for 60-cycle synchronous motors are 3,600, 1,800, 
1,200, 900, 720, 600, 514, 450, 400, 360, 327, 300, 277, 257, 240, 225, 200, 
180, 164, 150, 138, 121, 120, 109, 100, 95, 90, 86 , and 80 r.p.m. 

The standard synchronous speeds for 60-cycle, polyphase induction 
motors are 3,600, 1,800, 1,200, 900, 720, 600, and 450 r.p.m. 

The standard synchronous speeds for 60-cycle, single-phase motors 
are 1,800, 1,200, and 900 r.p.m. 

The approximate full-load speeds of induction motors can be obtained 
from the synchronous speeds by means of the approximate full-load 
slips (see Sec. 337). 
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irect current, com- 3 to 200 Varying Same as 1 Same as 1 Maximum with full Would occur at Heavy intermittent 

pound, 50 per cent voltage, 400; when standstill but limit- starting duty or 

series, 50 per cent j started in normal ed by commutation heavy running loads 

fh flnt I manner, average to 350 for short periods 

| 200 with alternate light 
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^250 to Constant; speed None High, but owing to Very low Approximately 150 

M changes approxi- small sise always 
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!, 
f ! 

]i 

Adjustable-speed 
service where 2 or 3 
definite speeds are 
satisfactory; very 
light starting duty; 
may not be satis¬ 
factory for belt 
drives 

Constant-speed serv¬ 
ice with no speed 
control for light or 
heavy starting duty 

Constant-speed serv¬ 
ice with no speed 
control for either 
light or heavy start¬ 
ing duty. Will not 
take care of as heavy 
starting duty as 33 

Max. running 
torque in percentage 
of full-load rated 
torque 

Approximately 175 
for highest voltage 
and speed setting. 
Varies as square of 
voltage for other 
setting 

175 to 225 

Occurs at standstill 

Starting torque in 
percentage of full¬ 
load rated torque 

Approximately 60- 
75 for highest volt¬ 
age setting; varies 
with square ot ap¬ 
plied voltage 

300 to 500 for full 
voltage; varies with 
square of impressed 
voltage 

225 to 300 for full 
voltage 

Locked-rotor start¬ 
ing currents with 
rated impressed 
voltage in percent¬ 
age of full-load 
current 

Always satisfactory 
to start with full 
voltage 

200 to 350; in the lar¬ 
ger sises may not be 
within limitation of 
power company 

Within limitations of 
most power com¬ 
panies 

Speed control 

Speed control by 
changing impressed 
voltage; 2 or 3 defi¬ 
nite speeds; no speed 
control between 
steps 

None 

None 

8 

I 

constant 

speed; 

liderably 

peeds 



1 


<0 

2 

S 

a 

1 


i 

i 

Stand¬ 
ard hp. 
ratings 

S 

4 « 

s 

X 

© 

s 

x 


if 

u 

ij 

1 

*8 

if 

41 * 

if 

b 

i l 

l ls 

I s 


a 

R 

si 


of Motor Characteristics (Continued) 


Div. 5] 


GENERATORS AND MOTORS 


805 


General application 
suited for 

Adjustable varying- 
speed service; heavy 
starting duty; serv¬ 
ice with peak loads 
for short periods 

Service requiring 
speed control where 
large variation in 
speed with load is 
not objectionable; 
heavy starting duty. 
Must be directly 
connected to load 

Max. running 
torque in percentage 
of full-load rated 
torque 

Above 400 for max. 
speed; decreases 
with speed reduc¬ 
tion 

Would occur at 
standstill but maxi¬ 
mum safe running 
limited by com¬ 
mutation 

I 

Starting torque in 
percentage of full¬ 
load rated torque 

i 

125 to 300 for full 
voltage 

275 to 400 for a-c 
full voltage; 300 to 
500 for d-c full volt¬ 
age 

Locked-rotor start¬ 
ing currents with 
rated impressed 
voltage in percent¬ 
age of full-load 
current 

Within limitations of 
most power com¬ 
panies 

High, but owing to 
small size will be 
within limitations of 
most power com¬ 
panies. Sizes from 
H to 1 hp. may 
require reduced 
voltage 

Speed control 

Speed range 4:1 for 
full load. Very lit¬ 
tle speed control 
possible at light 
loads. 3 • 1 range 
for 75 per cent load 

Speed can be reduced 
any amount by re¬ 
sistance in series 
with motor 

s 

i 



1 

W 

c 


I 

'§ 


a? 

>■ 

> 

Stand¬ 
ard hp. 
ratings 

eo 

3 

V* 

S 

© 

m 

N-> H 


Iff 

Ul 

1 

•s 

11 

lil 

1 

Ji 

I 1 ” 


3 

* 




338. Guide to Selection of Type of Motor 


806 


AMERICAN ELECTRICIANS’ HANDBOOK [Dir. 8 


Types of motors suitable 

Single-phase alternating 
current 

1. Split phase (inductive) 

2. Low-torque capacitor 

3. Shading coil (only for 
extremely light starting 
duty) 

: 

; 

1. Split-phase (inductive) 

2. High-torque capacitor 
or capacitor start in¬ 
duction run 

Polyphase alternating 
current 

1. Normal torque, normal 
starting current, squir¬ 
rel-cage induction 

2. Normal torque, low 
starting current, squir¬ 
rel-cage induction 

3. Low torque, low start¬ 
ing current, squirrel- 
cage induction 

4. Synchronous, general 
purpose, high speed 

5. Synchronous, special 
purpose, high speed, 
low torque 

6. Synchronous, low speed, 
engine compressor, and 
special service conven¬ 
tional types 

7. Fynn-Weich8el 

1. Normal torque, normal 
starting current, squir¬ 
rel-cage induction 

2. Normal torque, low 

starting current, squir¬ 
rel-cage induction ] 
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ing or adjustable vary- j Any type of starting duty [ 1. Compound, 50 per cent Wound rotor 1 1. Series 
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341. Representative Applications of Wound-rotor, Brush-shifting, and Synchronous Motors 


Div. 6] 


GENERATORS AND MOTORS 


813 



4 

a 

i 

o 


' E 


E 


a 


S 3 
# 6 « 


*3 & 


8 . 


C OQ 

o ~ 


“* *§ J3 ' 

4 — 


il 


E w> 


« ® o o S i< g 3 - o» g 3 # 

ffl ffl O O fe O *n S J* Oh < ffl ^ Ph 


!l 


* 2 


•jjj £ 

g 8 •§ g 

E 5 5 O M 2 J, -o B §, o 5 ^ a **" 

ill „| nj g I -I §1 i i 

iUltlllllilHl, h\ 

c flf 3 ? " 2« = ® £ ® 5 

£ V fc i T3 ^ ^ ® fc £ & g 2 g S^sii C’S| 
ijle’o § § is .2 o £ os C J 'i § o 3 .S i* 5§§ 
3 pq « o ''UOU Omk’mH c 

M 3 


lid L 
Ills 

ft ” 

a> a 5 „ 

s Hi 


£ 

5 

'o. 

I 

l 


•s 

5 


e * 

3 £ 


« | 

Pliilii 


ii 


a i 


1 


& 8 |t : 

? » 00 Q 


« pH 


Tube machines and cal¬ 
enders in rubber-goods 



814 


AMERICAN ELECTRICIANS 9 HANDBOOK [Div. 5 


842. Typical Torque Requirements for Synchronous-motor Applica¬ 
tions (N E M A Standards) —The following represent typical starting-, 
pull-in-, and pull-out-torque requirements of various synchronous-motor 
applications In individual cases, lower values may be satisfactory or 
higher values may be necessary 



Typical torque require 

Application 

ments per cent 


Starting , 

Pull-in® 

Pull-out 

, 

Attrition nulls 

60 

60 

175 

Ball mills for rock products 

120 

100 

140 

For ore 

175 

100 

175 

Banbury mixers 

125 

100 

250 

Band mills 

loO 

20 

250 

Beaters standard 

125 

100 

150 

Breaker 

125 

100 

200 

Blowers centrifugal inlet or discharge val\ e c losed 

10 

60 

150 

Inlet and discharge \ alves open 

to 

100 

150 

Pomtive-displat ement rotarv hv passed 

40 

to 

140 

Chippers emptv 

00 

>0 

250 

Loaded 

>0 

100 

2 ,0 

Compressors centrifugal inlet >i lis<hiige \ dve 1 >s< I 

to 

00 

1 >0 

Inlet and disi harge \ al \ es < j en 

to 

1(H) 

1 >0 

Nash Hvtor unloaded 

40 

i > 

140 

Reciprocating 




Air and gas 

1 40 

20 

140 

Ammonia (discharge pressme — 100 to 2 >0 11 per sij 

. 



in ) 

40 

20 

140 

Carbon dioxide 




Single cylinder double acting 




Piston rod diameter ** 30 per cent of piston diameter 

40/55* 

20 1 

I 140 

Piston-rod diameter ** 40 par cent of piston diameter 

60/75* 

20 1 

140 

Piston rod diameter * 50 per cent of piston diameter 

85/100* | 

20 

140 

Piston-rod diameter * 60 per cent of piston diameter 

120/135* 

20 

140 

Two cylinder double acting 90-deg cranks 




Piston-rod diameter =* *0 per cent of piston diameter 

40/45* 

20 

140 

Piston-rod diameter * 40 per cent of piston diameter 

45/60* 

20 

140 

Piston-rod diameter * 50 per cent of piston diameter 

65/80* 

20 

140 

Piston-rod diameter * 60 per cent of piston diameter 

90 105» 

20 

140 

Two cylinder single or double acting 




180-deg cranks 

40 

20 

140 

Crushers cone unloaded 

100 

100 

250 

Gyratory unloaded 

100 

100 

250 

Jaw unloaded 

100 

100 

250 

Roll unloaded 

100 

100 

250 

Edgers 

to 

30 

250 

Fans centrifugal (except sintering fans) 




Inlet or discharge valve closed 

30 

60 

150 

Inlet and discharge valves open 

30 

100 

150 

Centrifugal sintering inlet gates closed 

30 

100 

150 

Propeller or disk type 

30 

100 

150 

• The pull-in torque of a synchronous motor varies with the flywheel effect (WR*) of 

the load 




* Lower value for full-voltage starting Higher value for 

increment starting 
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Application 

Typical torque require¬ 
ments per cent 


Starting 

Pull-in® 

Pull-out 

Generators electroplating 

40 

15 

140 

Standard a-c or d c continuous rated 

12 

8 

150 

25 per cent overload rating 

15 

10 

200 

Grinders magazine pulp 

50 

50 

140 

Three- or four-pocket pulp 

30 

30 

140 

Hammer mills unloaded 

150 

100 

250 

Iordans 

50 

50 

150 

I me shafts flour mill 

175 

100 

150 

Rubber mill 

125 

100 

250 

Plasticators 

125 

100 

175 

Pumps centrifugal discharge valve rlostd high and 
medium load 

30 

60 

150 

Discharge valve open 

10 

100 

150 

Reciprocating started di\ 

10 

30 

150 

By-passed 

40 

40 

150 

Not by-passed (thru <vlind<i) 

150 

100 

1 )0 

Screw tvpe staited div 

JO 

JO 

140 

Primed 

JO 

100 

140 

Rod mills 

17 > 

100 

175 

Rolling nulls 




Blooming and slabbing t ills tin e high 

J5 

25 

300 

Structural and rail roughing nulls 

J5 

25 

300 

Structural and rail finishing 1 ills 

40 

30 

250 

Plate mills 

35 

25 

300 

Merchant mill trains 

60 

40 

250 

Billet skelp and sheet bar mills continuous with la\ 
shaft drive 

40 

30 

250 

Rod mills continuous with lay-shaft drive 

50 

40 

250 

Hot strip mills continuous individual drne 

25 

20 

250 

Tube-piercing and expanding mills 

40 

30 

250 

Tube-rolling mills 

40 

30 

300 

Tube-reeling mills 

60 

40 

250 

Hot sheet and tin mills 

125 

100 

400 

Cold sheet and tin mills 

200 

150 

250 

Brass copper roughing mills 

50 

35 

250 

Brass copper strip finishing mills 

150 

125 

250 

Rubber nulls open-roll type 

125 

100 

250 

Haw band (see Band mills) 

: i 



Saws gang 

100 

50 

150 

Trimmer 

100 

75 

150 

Screens paper-mill 

50 

50 

150 

Shredders 

50 

50 

250 

Tube mills (see Ball mills) 




Vacuum pumps, Jennings Hvtor 

40 

60 j 

140 

Nash Hytor 

40 

55 

140 

Reciprocating 

40 

20 

140 

Wood hogs 

60 

60 

225 


• The pull-m torque of a synchronous motor vanee with the flywheel effect (WR*) of 
the load 
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shaft by resilient Liners may be installed 

flexible coupling; under pedestals to provide 

good for severe mis- compensation for mill set- 

alignment and vibra- tling. Motors should be 

tion provided with dustproof 
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Wood hogs and chippers. Coupled or engine Unloaded. Torques 80-125 80-110 225 Full-voltage starting recom- 

i type depend on 1VR* of mended 

! machine i 
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343. Motors for Machine Tools.—In the following paragraphs tables 
are given as a guide in selecting the proper type and size of motor for 
driving machine tools. The values of motor sizes are average values com¬ 
piled from information from various manufacturers of machine tools. 
For very light or very heavy service these figures may be reduced or 
increased from the values given. The type of motor is designated by a 
numeral which refers to the numbering employed for the different types of 
motors in Table 337. 


344. Type and Sizes of Motors for Bolt and Nut Machines 

Motors 1, 2, 6, 7, or 12 


Size of bolt, in. 

Hp. 


i 


■ 

Single 

Double 

Triple 


1 

1M 


K-i 

2 

3 

5 

M-H 2 

2 

3 

5 

>2-2 

3 

5 

7K 

H~2H 

3 

5 


1 -3 

5 



1>2~4 

7H 

10 



345. Type and Sizes of Motor for Boltheading, Upsetting, and Forging 

Machines 

Motors 3, 11, or 14 


Size of Bolt, In. Hp. 

H-lH 5- 7 H 

IK-2 10-15 

2> 2 -3 20-25 

4 -6 30-40 


346. Type and Sizes of Motors for Bolt Pointers 

Motors 1, 6, or 7 

Size of Bolt, In. Hp. 

IH-2H 1-2 


347. Type and Sizes of Motors for Bending and Straightening Rolls 

Motors 4 or 14 


Width, ft. 

Thickness, 

in. 

Hp. 

Width, ft. 

Thickness, 

in. 

Hp. 

4 

H 

5 

S 

1 H 

35 

6 

Kt 

5 

10 

m 

50 

6 

7 U 

7 H 

24 

1 

50 

6 

H 

15 

i 
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348. Type and Sizes of Motors for Buffing Lathes 

Motors 1, 6, or 7 

Size of Wheel. In. 

Hp. 

6 X H 

H- H 

8 X 1 

1 -2 

8 X 

1 -2 

10 

1 -2 

12 

2 -3 

14 

3 -5 


349. Type and Sizes of Motors for Bulldozers 

Motors 3, 11, or 14 


Width, in. 

Head move¬ 
ment, in. 

Hp. 

Width, in. 

Head move¬ 
ment, in. 

Hp. 

29 

14 

5 

45 

18 

15 

34 

10 

7>i 

63 

20 

20 

39 

10 

10 





360. Type and Sizes of Motors for Cylinder-boring Machine 

Motors 1, 2, 6, 7, or 12 


Diam. of 

Max. boring 

Hp. 

spindle, in. 

diam., in. 

4 

20 

7M 

6 

30 

10 

8 

40 

15 


361. Type and Sizes of Motors for Boring and Turning Mills 

Motors 1, 2, 6, 7, or 12 


Size 

Hp. 

Size 

Hp. 

Main 

Crossrail 

Main 

Crossrail 

36 -44 in. ! 

7^-10 


10 ft. 

20-35 

6 

50-53 in. 

7K-10 


12 ft. 

25-40 

7 M 

60 in. 

12K 

3K 

14 ft. 

30-40 

7K 

72 in. 

15 -20 

4 

16 ft. 

35-50 

10 

84 in. 

15 -20 

4-5 

20-25 ft. 

50 

12M 

96 in. 

20 -27K 

5 

30 ft. 

50-60 

15 
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362. Type and Sizes of Motors for Radial Drills 

Motors 1, 2, 6, 7, or 12 

Arm, ft. Hp. 


2M- 3 

4 -4M 

5 

6 

8 -10 


3 

5 - 7H 
7M-10 
10 -15 
25 -35 


363. Type and Sizes of Motors for Sensitive Drills 

Motors 1, 2, 6, 7 or 12 

Size of Drill, In. Hp. 

K K 

H H 


364. Type and Sizes of Motors for Upright Drills 

Motors 1, 2, 6, 7, or 12 


Size of Drill, In. Hp. 

12-22 1 

24-28 2 

30-32 3 

36-40 5 

50-00 5-7V* 


366. Type and Sizes of Motors for Multiple-spindle Drills 

Motors 1, 2, 6, 7 , or 12 


Size of drill, 
in. 

Max. num¬ 
ber of spindles] 

Hp. 

Size of drill, 
in. 

Max. num¬ 
ber of spindles 

Hp. 

£ 

1 

£ 

12 

3-5 

H-l 

10 

10-15 

H 

16 

5 - 7 

2 

4 

7H 

He-* h 

16 

7*2-10 

2 

6 

10 

K-H 

10 

10 

2 

8 

15 


366. Type and Sizes of Motors for Horizontal Boring, Drilling, and 
Milling Machines 


Motors 1, 2, 6, 7, or 12 

Size of Spindle, In. Hp. for Single Spindle 


3H 

5H 


5 - 7 H 
7M-10 
10 -15 


367. Type and Sizes of Motors for Gear Cutters 

Motors 1, 2, 6, 7, or 12 

Size of Gear, In. Hp. 


24 X 6 
36 X 9 
48 X 10 
30 X 12 
60 X 12 
72 X 14 
64 X 20 


2 

2 to 3 

3 to 5 

5 to 7H 

6 to 7 H 

7 H to 10 
10 to 15 
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358. Type and Sizes of Motors for Cylindrical Grinding Machine 

Motors 1, 2, 6, 7, or 12 


Diam of 
wheel, m. 

Length of 
work, in. 

Hp. 

Diam of 
wheel, in. 

Length of 
work, in. 

Hp. 

10 

24 

2 

14 

36 

10-15 

10 

50 

5-7)2 

14 

72 

10-15 

10 

72 

5-7)2 

18 

120 

10-15 

10 

96 

5-7)2 

18 

144 

10-15 

10 

120 

I 

5-7)2 

18 

168 

10-15 


369. Type and Sizes of Motors for Grinding Wheels—Double-end 

Motors 1, 6, or 7 


Size of wheel, in. 

Hp 

Size of wheel, in. 

Hp 

5 X ^ 

)i 

18 X 3 

5 - 7)1 

6 X H 

H 

24 X 4 

7* 2 -10 

8 X 1 

h 

26 X 4 

7)1 -10 

10 X 1 

l 

30 X 4 

15 -20 

12 X 2 

3 




360. Type and Sizes of Motors for Vertical Surface Grinders 

Motors 1, 6, or 7 


Diam of Table, In Hp 

8 7> 2 

14 15 

30 20 

361. Type and Sizes of Motors for Miscellaneous Grinders 

Motors 1, 6, or 7 

Type of Machine Hp 

Wet-tool grinder 2 3 

Flexible swinging polish machine 3 

Angle-cook grinder 3 

Piston-rod grinder 3 

Twist-dnll grinder 2 

Automatic tool grinder 3-5 


362. Type and Sizes of Motors for Hammers 

Motors 3, 11, or 14 

Size, Lb. Hp. 

15- 75 M-5 

100-200 5 -7)4 

Bliss drop hammers require approximately 1 hp. for every 100-lb weight of hammer. 
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363. Type and Sizes of Motors for Slotting and Keyseating Machine 

Motors 1, 2, 6, or 7 


Stroke, in. 

Hp. 

Stroke, in. 

Hp. 

6 

3 

16 


8 

3-5 

18 

7K-10 

10 

5 

20 

10 -15 

12 

5 

24 

10 -15 

14 

5-7 H 

30 

10 -15 


364. Type and Sizes of Motors for Axle Lathes 

Motors 1, 2, 6, 7, or 12 

Type of Lathe Hp. 

13- in. center diive 25 

14- in. end drive 25 


365. Type and Sizes of Motors for Engine Lathes 

Motors 1, 2, 6, 7, or 12 


Swing, m. 

Hp. 

Swing, in. 

Hp. 

\verage 

Heavy 

Average 

Heavy 

12 


2 

24-27 

10 

15 

14 

2 

3 

30 

15 

20 

16 

3 

5 

32- 36 

20 

25 

18 

5 

7h 

38-42 

20 

25 

20 22 

7 l z 

10 

1 

48 54 

1 _ 

25 

30 


366. Type and Sizes of Motors for Universal Milling Machines 

Motors 1, 2, 6, 7, or 12 


Feed 

, in. 


1 Feed, in. 




Hp. 



Hp. 





Table 

Cross 


Table 

Cross 

1 

22 

i 

8 

11-2-5 

34 

12 

5-7>-2 

28 

10 

3 -5 

42 

14 

10-15 


367. Type and Sizes of Motors for Plain Milling Machines 

Motors 1, 2, 6, 7, or 12 


Feed, in. 

Hp. 

Feed, in. 

Hp. 

Table 

Crofts 

Table 

Cross 

22 

8 

3-5 

42 

14 

10-15 

28 

10 

5 

50 

14 

15-20 

34 

12 

7H-10 
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368. Type and Sizes of Motors for Vertical Milling Machines 


Motors 1, 2, 6, 7, or 12 


Height under Spindle, In. 

12 

Hp. 

14 

2- 3 

18 

3- 5 

20 

5- 7H 

22 

10-15 

24 

20 


369. Type and Sizes of Motors for Horizontal-slab Millers 

Motors 1, 2, 6, 7, or 12 


Width between 
housings, in. 

Hp. 

Width between 
housings, in. 

Hp. 

14 

5 

36 

35 50 

16 

7H 

42 

40-60 

18 

7J, 2 -10 

18 

40-60 

20 

10 15 

54 

40-60 

24 

20 35 

72 

50 75 

30 

20 10 

00 

50 75 


370. Type and Sizes of Motors for Continuous Milling Machines 

Motors 1, 2, 6, 7, or 12 


Diani. of Table, In. Hp. 

24 7' i 

30 7 \i 

36 10 

48 15 


371. Type and Sizes of Motors for Pipe-threading and Cutoff Machines 

Motors 1, 2, 6, 7, 11, 12, or 14 


Size pipe, in. 

lip. 

Size pipe, in 

Hp. 

H-2 

3 

00 

I 

a 

<N 

10 

H-S 

3 

4 -12 

15 

1 -4 

3-5 

8 -18 

20 

1 -6 

7*2 

10 20 

25 


372. Type and Sizes of Motors for Rotary Planers 

Motors 1, 2, H, 7, or 12 


Diam. of cutter, in. 

Hp. 

Diam. of cutter, in. 

Hp. 

24-26 

5 

60 

15-20 

30 

7H 

72 

25 

36-42 

10 

84 

30 

48-54 

15 

96-100 

40 
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373. Type and Sizes of Motors for Reciprocating Table Planers 

Motors 1, 2, 6, 7, or 12 


Width, in. 

Type of duty 

Ordinal y, general 
purpose, hp. 

Light, lightly con¬ 
structed planers, 
average cuts, hp. 

Heavy, heavy 
planers, heavy 
cuts, hp. 

36 

10 

10 

15 

48 

15 

10 

20 

56 

15 

15 

20 

60 

20 

15 

25 

72 

25 

20 

35 

84 

25 

25 

35 

96 

35 

25 

50 

120 

35 

35 

75 

144 

50 

50 

75 

192 

75 

50 

100 


374. Type and Sizes of Motors for Heavy Forge Planers 

Motor—Adjustable-speed shunt with compensating windings 


Size, ft. 

Hp. 

Size, ft. 

Hp. 

Platen 

Crossrail 

Platen 

Crossrail 

12 X 10 

60 

10 1 

I 

14 X 22 

1 

75 

12 


376. Type and Sizes of Motors for Punches and Shears 

Motors 3, 11, or 1,4 


Punch, size of 
hole, in. 

Shear, size 
of hai, m. 

Hp. 

Punch, size of 
hole, in. 

Shear, size 
of bar, in. 

Hp. 

X x X 

2H XX 

1 

IX X 1 

7 X 1 

7H-10 

X X X 

3 X H 

2—3 

IX X 1 

8 X IX 

10-15 

X x X 

3 X H 

2-3 

2X X IX 

9 XIX 

15 

XXX 


3-5 

2X X IX 

10 X IX 

20 

XXX 

s x H 

5 

2X X IX 

11 X IX 

20 

1 X X 


5 

3 X 2 

10 X 2X 

25 

1 X 1 

6 XX 

7X 
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376. Type and Sizes of Motors for Lever Shears 

Motors 3, 11, or 14 


Size, in. 

Hp. 

Size, in. 

Hp. 

1 X 1 

5 

1 X 7 

15 

l'A X 1 H 

7 H 

2H X 2« 

20 

2 X 2 

10 

lh X 8 

25 

6 X 1 

15 

a A X 3 A 

30 

2'A X 2'A 

15 

4 1 2 round 

30 


377. Type and Sizes of Motors for Plate Shears 

Motors 3, 11, or 14 


Size of 

Length of 

Hp. 

Size of 

Length of 

Hp. 

plate, in. 

stroke, in. , 

plate, in. 

stroke, in. 

H X 24 

3 

10 

H 2 ' X 42 

4 H 

60 

1 X 24 

3 

15 

1 A X 54 

6 

75 

2 X 14 

1 

30 

1 A X 72 

5 A 

100 

1 X 42 

| 4 

20 

1 

■ 

■ 



378. Type and Sizes of Motors for Shears 

Motors 3, 11, or 14 



To cut H~in. 

To cut ^4-in. 

l 

To cut K-in. 

To cut t^-in. 

Width, in. 

iron 

iron 

Width, in. 

iron 

iron 

Hp. 

1 

Hp. 

30-42 

3 

5 

72 90 

5 

10 

50-60 

4 

7A 


| 



379. Type and Sizes of Motors for Nut Tappers 

Motors 1, 2, 6, 7, or 12 


Type of machine 

Size, in. 

Hp. 

Type of machine 

Size, in. 

Hp. 

4 spindle.. 

1-2 

3 

10 spindle. 

2 

5 

6 spindle. 

2 

3 
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880* Type and Sizes of Motors for Cold Cutoff Saws 

Motors 1, 2, 6, 7, or 12 


Diam. of saw, in. 

Hp. 

Diam. of saw, in. 1 

Hp. 

20 

5 

48 

25 

26 

10 

56 

30 

32 

15 

62 

35 

36 

20 

72 

40 

42 

25 

90 

60 


381. Type and Sizes of Motors for Shapers 
Motors 1, 2, 6, 7, or 12 


Stroke, in. 


Hp. 

12-16-18 


2- 5 

20 


3- 7H 

24-28 


5-10 

2. Type and Sizes of Motors for Crank Slotte 
Motors 1 , 6, or 7 

Size, In. 


Hp. 

6 


2-3 

8 


3 

10-12 


5 - 7H 

15 


7M-10 

18 


7K-10 

20-24 


10 -15 

24- 30 


10 20 


383. Type and Sizes of Motors for Wheel Lathes 


Motor 2 or 14 

Motor 3 or 11 

1 

| Motor 2 or 14 

Motor 3 or 11 

Size, in. 

Hp. 

H p for 
tails took 

1 

Size, in. 

Hp. 

Hp. for 
tailstock 

48 

15-20 


00 

30 50 

10 

51-60 

15-20 

5 

100 

40-50 

10 

79-84 

25-30 

0 


1 



384. Type and Sizes of Motors for Hydrostatic Wheel Presses 
Motors 1, 6, or 7 

Size, Tons Hp. for Pump 


100 

200 

300 

400 

600 


7H 
7 H 
10 
15 
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386. Operating Speeds of Various Machine Tools 


Saws, circular, wood. 

Band, wood. 

Band, hot iron and steel. . . 

Grindstones. 

Emery wheels. 

Drills, for wrought iron. 

For cast iron. 

Milling cutters, for brass. 

For cast-iron. 

For wrought iron. 

Wrought steel. 

Screw cutting, gun metal, etc, 

Steel. 

Boring, cast-iron. 

Sawing, wood. 

Brass. 

Gun metal. 

Steel. 

Wrought iron. 

Cast iron. 


9,000 ft. per min. at rim 
4,000 ft. per min. at rim 
200-300 ft. per min. at rim 
800 ft. per min. at rim 
5,000 ft. per min. at rim 
12 ft. per min. outer edge 
8 ft. per min. outer edge 
120 ft. per min. outer edge 
00 ft. per min. outer edge 
50 ft. per min. outer edge 
35 ft. per mm. outer edge 
30 ft. per min. at circum. 
8 ft. per min. at circum. 
10 ft. per min. at circum. 
1,500 ft. per min. at circum. 
70 ft. per min. at circum. 
30 ft. per min. at circum. 
25 ft. per min. at circum. 
30 ft. per min. at circum. 
20 ft. per min. at circum. 


386. Motor-driven Pumps (Westinghouse Diary ).—Either d-c or 
a-c motors are satisfactory. For most cases, shunt-wound, d-c or 
squirrel-cage, a-c motors, and synchronous motors in sizes above 25 hp. 
are suitable; but when the starting conditions are severe, as when the 
pump must be started against a full discharge pipe, compound-wound, 
d-c and phase-wound, a-c motors are preferable. 


387. Power Required for Printing Machinery 

(W. O. Webber, Power) 

30 X 52 in., 2 rev.. No. 8 Cottrell press, 19 impressions per min. 

27 X 41 in., No. 20 Adams press, 16 impressions per min. 

32 X 54 in., Huber perfecting press. 

43 X 64 in., Huber perfecting press, automatic feed. 

27 X 41 in., No. 4 Adams job press. 

26 X 40 in., No. 2 Adams job press. 

32 X 54 in., No. 1 Potter cylinder roller press. 

26 in., No. 1 Hoe perfecting press. 

Web paper-wetting machine. 

Newspaper presses: 

One 10-pagc web perfecting press, 12,000 per hr. 

One 10-page web perfecting presH, 24,000 per hr. 

One 12-page web perfecting press, 12,000 per hr. 

One 12-page web perfecting press, 24,000 per hr. 

One 32-page web perfecting press, 12,000 per hr. 

'Calico-printing machinery, 100 yd. goods per min.: 

One 19-cylinder, soaper and dryer, full, 110 r.p.iu. 

One cutting machine, full, 65 r.p.m. 

One set drying cans to cutting machine, full, 110 r.p.m. 

One back starcher, 3 wide machines, full 115 r.p.m. 

One indigo skying machine, 5 vats all working full, 64 r.p.m. 

One 40-in., 5-roll calender, working full, 234 r.p.m. 

One single-color printing machine. 


HP. 
1.19 
0.68 
2.44 
5.55 
0.43 
0.34 
0.50 
5.41 
0.52 


15.39 

31.00 

20.45 

29.56 

28.73 

3.97 

2.77 
2.33 
4.24 

4.78 
9.80 

10.60 












































Div. 6] 


GENERATORS AND MOTORS 


831 


388. Power Required to Drive Printing Presses 

(Walter Scott and Co. specifications 1 ) 


Type of press 

Mach. 

No. 

Size of 
bed, in. 

Imp. 

per 

hour 

Rev. of 
shaft 
per imp. 

Hp. 

motor 

Class C, newspaper drum cylinder 

5 

29 

X 42 

2,000 

5 

2 


6 

33 

X 47 

1,800 

5 

2.5 


7 

37 

X 51 

1,600 

5 

3 

Class D, job news drum cylinder 

1 

17 

X 22 

2,800 

4 

1.5 


3 

24 

X 29 

2.400 

5.09 

2 


4 

26 

X 34 

2,200 

5.07 

2.5 


5 

29 

X 42 

2,000 

5 | 

2.5 


6 

32 

X 47 

1,800 

4.96 

3 

Class E, high-speed drum 

2 

20 

X 25 

3,600 

6 

2 


3 

23 

X 31 

3,200 

6.52 

2.5 


4 

26 

X 36 

2,850 

7.56 

3 


5 

29 

X 42 

2,600 

8 08 

3.5 

Two roller, two rev., high speed 

4 

26 

X 36 

2,800 j 

6.8 

2.5 


5 

29 

X 42 

2,600 

7 

3 

Four roller, two rev., high speed 

4 

27.5 

X 36 

2,600 

7.4 

3 


5 

30.5 

X 42 

2,400 

7 8 

3.5 


6 

35 

X 46 

2,200 

8.06 

4 


7 

38 

X 48 

2,100 j 

8 43 

4.5 


8 

41.5 

X 52 

2,000 

8 81 

5 


9 

45 

X 56 

1,900 

9.37 

5.5 


10 

48.5 X 62 

1,800 

9 75 

6 


11 

50 

X 66 

1,700 

9 75 

6 


1 Walter Scott and Co. recommend 1 hp. more than is called for in each case, as this 
gives a liberal margin for coolness in running and reserve power for special work. 


389. Motor-driven Woodworking Machinery.— Alternating-current, 
squirrel-cage, constant-speed induction motors form the most suitable 
drive for the majority of woodworking machines. In some few' machines, 
as in “hogs” for reducing slabs to kindling, high flywheel effect makes 
starting difficult, and motors with phase-wound rotors and external 
resistance are preferable. For machines requiring adjustable speed, such 
as certain types of wood lathes, d-c, shunt-wound motors give the best 
results because of the greater range of speeds possible. 

390. Individual Motor Drive and Group Drive for Woodworking 
Machinery.—Individual motor drive should be used for single machines 
that are operated more or less irregularly but at their full capacity. This 
applies to most woodworking machines. Group drive is satisfactory for 
machines used frequently but not simultaneously. Thus an emery 
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wheel, knife grinder, carving machine, cabinet saw, and disk sander can 
all be run by one motor, which can have a capacity of considerably less 
than the aggregate rating of the machines it is used to drive. 


391. Size of Motor Required to Drive Woodworking Tools 


Machine 

Size 

Motor hp. 

Jointers 

( Small 

2 

t Large 

5 7H 

Inside molders 

( 8X4 

15 

1 13 X 0 

20-30 


( 4X4 

5 

Outside molders 

[ 8X4 

10 


l 14 X 5 

20 

Mortising machines 


3 5 

Planers, matchers, and moldeis 

f 9 X b 

\ 30 X 12 

30 

40 

Surfacers 

\ Small, slow feed 

1 Laige, rapid feed 

5 

30 

Belt sanders 


3-5 

Column sanders 


3 

Disk sanders 


3 


/ 16-in. drum 

3 


\ 42-in. drum 

10 

Drum sanders 

v 60-in. drum 

20 


I 80-in. drum 

30 


' 102-m. drum 

40 

Spindle sanders 


A 

Band saws 

f Small 

( Large 

3 

20 

Band resaws 

f 8 X 24 

15 

1 28 X 30 

40 


( 14 in. 

3 

Circular saws, single cutoff 

v 36 m. 

5 

1 

1 

{ 60 in 

60 

Circular rip saw 

( 14 in. 

\ 36 in. 

10 

15 

Timber sizers. 


30-50 

Tenomzing machines 

( Small 

1 Large 

3-5 

10 15 


392. Foundations are necessary (“Practical Electricity”) to support 
and maintain in alignment generators and other electrical machines of 
any considerable size. Foundations are made of masonry. Brick or 
stone set in mortar (preferably cement mortar) will do, but concrete is 
almost universally used because it is usually the cheaper. A 1:3:6 (1 part 
cement, 3 parts sand, and 6 parts crushed stone or gravel by bulk) or 
even a 1:3:7 mixture of concrete will give excellent results. Brick or 
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stone for foundations can be set in mortar consisting of 1 part cement and 
3 parts sand. 

393. The size of a foundation is determined by the size of the machine 
supported and by the stresses imposed by the machine. The area of base 
of any foundation must be great enough so that its weight and the weight 
of the machine supported will not cause it to sink into the soil. Where a 
machine is not subjected to any external forces, i.e., where it is self- 
contained, the only requirement of the foundation (provided the machine 
is not one that vibrates excessively) is to keep it from sinking into the 
ground and the lightest possible foundation that will do this will be 
satisfactory. Therefore motor generators and rotary converters do not 
require heavy foundations. Machines that are driven by or drive 
external apparatus require foundations heavy enough to resist the 
tendency of the external apparatus to tip or to displace the foundation. 
No rule can be given for determining the proper weight for a foundation, 
in such a case. However, with a solid foundation, it is usually true that 
if the foundation is large enough to include all the foundation bolts of 
the machine and to extend to good bottom, it will be sufficiently heavy. 
Experience is required to enable one to design the lightest possible 
foundation that will do, so it is well for the beginner to be sure that his 
foundation is heavy enough. 

394. Alignment of Motors.—After the motor is properly located and 
the right kind of mounting has been built, the next step is to align the 
motor properly with its drive. The following procedure is recommended 
by the General Electric Co.: Belt drive is the most common form of 
mechanical transmission, but the principles involved and the methods 
used in aligning apply, in general, equally well for chain drive. The 
tools usually used for aligning motors or line shafting are the square, 
plumb bob, and level. Tool manufacturers also build combination 
squares and levels and similar tools that are a material aid in quickly 
and accurately aligning machinery. 

The first step to be taken when aligning two machines is to see if they 
are level. It is possible for a machine to be out of line in more than one 
plane. If, by placing a level or plumb on the machine, it is found to be 
out a certain amount, the motor must then be mounted so that it will also 
be out a like amount. 

A simple and easy method of aligning a motor pulley with the driven 
pulley is shown in Fig. 152. First, the crown or center line of the pulleys 
must be on the same center line, and, second, the motor shaft must be 
parallel to the driven shaft. 

By using a plumb bob and drawing a datum line on the floor, a base of 
operation is established. Next, drop a plumb line from the center of the 
driven pulley to the floor. With a square, draw a line perpendicular 
to the datum line. Next, drop a plumb line from the center of the motor 
pulley and move the motor up or back until the plumb bob rests on the 
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center line of the driven pulley. From the pulley center line, perpen¬ 
diculars may be drawn through the centers of the holes in the motor feet. 
A level should be used to see that the line shafting is level. If it is not, 
then the motor feet must be shimmed up so that the motor shaft and the 
line shaft will be “out of lever' the same amount. Chain drive may be 
aligned in a similar manner. 

With belt drive, a sliding base is nearly always used to allow for belt 
adjustment. Another method, therefore, is to use the following pro¬ 
cedure when aligning two pulleys: 

1. Place the motor on the base so that there will be an equal amount 
of adjustment in either direction and firmly fasten the motor to the base 
by means of the four holding-down bolts. 



Fig. 152.—Method of aligning two pulleys. ( General Electric Co.) 

2. Mount the motor pulley on the motor shaft. 

3. Locate the base and motor in approximately the final position, as 
determined by the length of belt. 

4. Stretch a string from the face of the driven pulley toward the face 
of the motor pulley. 

5. Parallel the face of the motor pulley with this string. 

6. Using a scratch pin, mark the end positions of the sliding 
base. 

7. Extend these lines. 

8. Move the base and motor away from the string an amount equal 
to one-half the difference in face width of the two pulleys. Use the two 
extended lines as a guide to keep the base in its proper position. 

9. The belt should now be placed on the pulleys to see if it operates 
satisfactorily. If it does not operate properly, the base may be shifted 
slightly until proper operation is obtained. 

10. Finally, firmly fasten the base to the floor, ceiling, or side walls by 
means of lag screws or bolts. 
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894A. Minimum Pulley Dimensions Recommended by fhe National 
Electrical Manufacturers’ Association 


Horsepower at 

Minimum pulley 

Belt 

width, in. 

3,600° 

r.p.m. 

1,800 

r.p.m. 

1,200 

r.p.m. 

900 

r.p.m. 

Diam. 

in. 

Width 
over-all, in. 

1-1K 

1 

H-1 

K 

2 H 

3 

2K 

2-3 

IK 

IK 

K 

2K 

4K 

4 


2 


l 

2K 

4K 

4 

6 

3 

2 


3 

4K 

4 




IK 

3 

4K 

4 

7K 

5 

3 

2 

3K 

4K 

4 

10 

7K 

5 

3 

4 

5K 

5 

15 

10 

7K 

5 

5 

6K 

6 

20 




5 

6K 

6 


15 

10 

7K 

6 

7h 

7 


20 



7 

9H 

9 



15 

10 

6 

9 H 

9 


25 



8 

m 

9 



20 

15 

6 

11 

10 


30 



9 

11 

10 



25 

20 

8 

11 

10 


40 



9 

13 

12 



30 

25 

8 

13 

12 



40 

30 

10 

13 

12 



50 

40 

10 

15 

14 



60 


12 

17 

16 




50 

11 

17 

16 


« Note. —Pulleys for these ratings do not apply for d-c motors. It is recommended 
that these motors be direct connected. 


396. In designing a V-belt drive the following factors should be con¬ 
sidered: speed-reduction factor, pitch diameters of pulleys, belt speed, 
distance between pulley centers, cross-sectional size of belt, and number 
of belts to use. 

396A. The method of designing V-belt drives for satisfactory operation 
is outlined as follows through the courtesy of the Allis-Chalmers Manu¬ 
facturing Co. 

1. Determine the speed ratio = mc) j^ r - r ‘P - 'Hk _. 

* machine r.p.m. 

2. From Table 396A determine the section of V belt to use, according 
to the horsepower and synchronous-speed rating of the motor. Where 
two sections are given, the design should be made for both and then a 
decision made at the end as to which should be used. 

3. From Table 396(7 and the speed ratio determined in 1, select pitch 
diameters for the sheaves. Pitch diameter for the machine sheave 
should equal the pitch diameter for the motor sheave multiplied by the 
speed ratio. The motor sheave should not be too small, as the horsepower 
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transmitted increases with the increase in size of the small sheave. The 
machine sheave must not be too large, however. Consideration must be 
given to the size of the machine and the available space for the sheave. 

4. From Table 396D determine the service factor for the drive, accord¬ 
ing to the type of motor and type of machine. 

5. From Table 396 E determine the arc of contact of the V belt on the 
small sheave and the correction factor for belt horsepower. 

6. Compute the horsepower required for the belts by multiplying the 
rated motor horsepower by the service factor obtained from 4. 

7. Compute the velocity of the belt = where d = diameter of 

motor sheave in inches; and n — approximate full-load speed of motor. 

8. From Table 396F determine the horsepower rating of each belt, 
according to the belt velocity and the pitch diameter of the motor sheave. 

9. Determine the number of belts required = 

Horsepower required (from 6) _ 

Horsepower rating of belt (from 8) X service factor (from 4) 

Use the next larger whole number. This should preferably be a small 
number, such as 4 or 5, although in the case of large horsepower ratings 
or low speeds a larger number may be necessary. In case of doubt try 
the next larger belt section and recalculate. 


396A. V Belt Sections to Use 


Hp. rating 

Syn. speed 

V-belt 

Hp. rating 

Syn. speed 

V-belt 

of motor 

of motor 

section 

of motor 

of motor 

section 

1M and less 

All 

A 

60 

1,800 

C 





1,200-900 

C or D 





2-7K 

All 

A or B 

60 

720 and less 

D 

7 H 

900 and less 

B or C 

75 

1,800 

C 





1,200-900 

C or D 





10 

10 

1,800 

1,200-900 

A or B 

B 

75 

720 and less 

D or E 




10 

720 and lesR 

B or C 

100 

1,800 

C 




100 

1 ,200 and less 


15 

1,800 

B 







15 

1,200-900 

B or C 

125 

1,200-900 

D 

15 

720 and less 

C 

125 

720 and less 

D or E 

20 

1,800 

B or C 

150 

1,200-900 

D 

20 

1,200 and less 

C 

150 

720 and less 

E 

25-30 

All 

C 

200 

200 

1,200-900 

nnrl Iona 

D 




i &\j ana less 

Hi 

40 

1,800 









40 

1,200-900 

C or D 

250 and over 

All 

E 

40 

720 and less 

j) 








50 

1,800-900 

C or D 




50 

720 and less 

|. 

D 
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396B. Standard Sections of V Belts 


Section 

Greatest 
width, in. 

Thickness, 

in. 

Section 

Greatest 
width, in. 

Thickness, 

in. 

A 

H 


D 

W 

H 

B 

2 H 3 

K« 

E 

1H 

l 

C 

7 A 

17 A2 





396C. Standard Pitch Diameters for Sheaves for V-belt Drives 

(Allis-Chalmers Manufacturing Co.) 


Sec- 

Sec- 

Sec- 

Sec- 

Sec- 

Sec- 

See- 

Sec- 

Sec- 

Sec- 

tion A 

tion B 

tion C 

tion D 

tion E 

tion A 

tion B 

tion C 

tion D 

tion E 

Pressed steel 

Cast iron 

Pressed steel 

Cast iron 

3.0 

5.4 

9.0 

13 

20 

12 

15 

38 

48 

72 

3.2 

5.6 

9.2 

13.4 

21 

13 

16 

40 

50 

74 

3.4 

5.8 

9.4 

13.8 

22 

14 

17 

42 

52 

76 

3.6 

6.0 

9.6 

14 

23 

15 

18 

44 

54 

78 

3.8 

6.2 

9.8 

14.2 

24 

16 

19 

46 

56 

80 

4.0 

6.4 

10.0 

14.6 

25 

17 

20 

48 

58 

82 

4.2 

6.6 

10.2 

15 

26 

18 

21 

50 

60 

84 

4.4 

6.8 

10.6 

15.4 

27 

19 

22 

52 

62 

86 

4.6 

7.4 

11 

16 

28 

20 

23 

54 

64 

88 

4.8 

8.6 

12 

17 

29 

21 

24 

56 

66 

90 

5.0 

9.4 

13 

18 

30 

22 

25 

58 

68 

92 

5.2 

11.0 

14 

19 

31 

23 

26 

60 

70 

94 

5.4 

12.4 

15 

20 

32 

24 

27 

62 

72 

96 

5.6 

15.4 

16 

21 

33 

25 

28 

64 

74 


5.8 

18.4 

17 

22 

34 

26 

29 

66 

76 


6.0 

Oast 

18 

23 

35 

27 

30 

68 

78 



iron 




28 

31 

70 

80 


6.2 


19 

24 

36 


5.4 

29 

32 

72 

82 


6.4 

5.6 

20 

25 

38 

30 

33 

84 


7.0 

8.2 

5.8 

6.0 

21 

22 

26 

27 

40 

42 

31 

32 

34 

35 


86 

88 


9.0 

6.2 

23 

28 

44 

33 

36 


90 


10.6 

6.4 

24 

29 

46 

34 

35 

38 

40 


92 

94 


12.0 

6.6 

25 

30 

48 



15.0 

6.8 

26 

31 

50 

36 

42 


96 


18.0 

7.0 

27 

32 

52 

38 

40 

44 

46 



Cast iron 

8.0 

28 

33 

54 




4 

8.6 

29 

34 

56 


48 




5 

9.0 

30 

35 

58 


50 




6 

10.0 

31 

36 

60 


52 




7 

11.0 

32 

38 

62 


54 




8 

12.0 

33 

40 

1 64 


56 




9 

13.0 

34 

42 

66 


58 




10 

13.6 

35 

44 

68 


60 




11 

14 

36 

46 

70 
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306D. Service Factors for Horsepower Loads on V-belt Drives 

(Allis-Chalmers Manufacturing Co ) 



Squirnl cage 


Electric motors 


Syn Single 
chronous phase 


f t! 5 


II]?! 

■a 1 | £ i 
H dS # 


Agitators paddle-propeller 
Liquid 
Semiliquid 

Brick ana clay machinery 
Auger machines 
De-airing machines 
Cutting table 
Pug mill 
Mixer 
Granulator 

Bakery machinery 
Dough mixer 

Compressors 
Centrifugal 
Rotary 
Reciprocating 
3 or more cylinders 
1 or 2 cylinders 

Conveyors 

Apron 

Belt (ore coal sand) 

Belt (light package) 

Oven 

Screw 

Bucket 

Pan 

Flight 

l levator 

( rushing machinery 
law crushers 
Gyratory crushers 
C one crushers 
( rushing rolls 
Ball pebble and 
Tube mills 

Pan and blowers 
Centrifugal 
Propeller 
Induced draft 
Mine fans 
Positive blowers 
Exhausters 

Flour- feed- cereal-mill machin¬ 
ery 

Bolters and sifters 
Grinders and hammer mills 


10 10 12 

12 10 14 12 

12 14 14 

12 14 14 

12 14 14 

15 13 18 15 

12 16 14 

12 14 14 

12 16 14 

12 14 14 


14 16 14 

14 16 14 14 16 

14 16 14 

14 16 14 

14 16 14 14 16 

14 16 14 14 


1 4 2 0 1 6 
12 14 


2 0 

2 0 2 0 2 0 
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Service Factors for Horsepower Loads on V -belt Drives (Continued) 


Applications 


1 lour- feed-, cereal-mill math in 
ery —( Continued) 

Purifiers and reels 
Mam-linc shaft drive 
Separator 
Roller mills 
Generator and exciters 
Laundry machinery 
Washers 
Fxtraetors 
Tumblers 
Dampeners 
Flatwork ironers 
Line shafts 
Machine tools. 

Grinders 
Boring mills 
Lathes 

Milling machim s 
Screw machintb 
Cam cutters 
Planers 
Shapers 
Drill press 
Drop hammers 
Shears 
Mills 
Pebble 
Rod 
Ball 

Roller mills 
Flaking mills 
Tumbling barn Is 
Oil-field machinery a 
Slush pumps 
Pumping units 
Pipe-line pumps centrifugal 
Draw wonts (mb ninth nt) 
Paper machinery 
Jordan engines 
Beaters 
Calenders 
Agitators 
Driers 

Paper machines 
Printing machinery 
Rotary press 



° Hoisting service factor baaed on total engine horsepower (continuous rating). Electric drive factor 
based on continuous rating of motor. 
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Service Factors for Horsepower Loads on V-belt Drives ( Continued ) 



If lectric motors 

Engines 



\ c 

D 

( 

Gas and 
diesel 



Applications 

Squirrel tag* 


Syn 

* hronous 

Single 

phase 









1 

i 



1 


1 


■S 

a 

a 




Normal torque 
line start 

Normal torque 
compensator 
start 

High torque 

V\ ound rotor 
(shp-nng) 

Normal torque 

High torque 

Repulsion and 
split-phase 

Capacitor 

Shunt wound 

§ 

* 

1 

4 or more cyl 
above 700 r p 

4 or more cyl 
below 700 r p 


Line shafts and 
clutch starting 

Printing machinery —( Continued) 















l 1 mbossing press 

1 2 

1 2 


1 2 





1 2 

1 2 





Folders 

1 2 

1 2 


1 2 





1 2 






Paper cutters 

1 2 

1 2 


1 2 





1 2 

1 2 





Linotype machines 

Flat-bed press 

Pumps 

Centrifugal 

1 2 

1 2 







1 2 


i 




1 2 

1 2 


1 2 





1 2 






1 2 

1 2 

1 4 

1 4 



1 2 

1 2 



. 




Gear 

1 2 

1 2 

1 4 

1 4 



1 2 

1 2 







Rotary 

Reciprocating 

1 2 

1 2 

1 4 

1 4 



1 2 

1 2 

1 2 


1 2 




3 or more cylinders 

1 2 

1 2 


1 4 

1 4 

1 (> 





1 8 


1 8 


1 or 2 cylinders 

1 4 

1 4 


1 6 

1 h 

1 8 





2 0 


2 0 


Dredge pumps 

Rubber-plant machinery 

1 4 

1 4 


1 4 







2 0 


2 0 


Calenders 

1 4 

1 4 

1 4 

1 4 


1 8 







2 0 


Banbury mills 

1 4 

1 4 

1 4 

1 4 


1 8 







2 0 


Mixers 

Screens 

1 4 

1 4 

1 4 

1 4 


1 8 







2 0 


Vibrating 

1 2 

1 2 

1 4 












Conical 

1 2 

1 2 













Revolving 

Textile machinery 

1 2 

1 2 













Spinning frames 

Twisters 

1 6 


1 8 












1 6 


il 8 












Looms 

1 2 














Warpers 

1 2 














Reels 

1 2 





i 










396E. Correction Factors for Horsepower Rating of V Belts According 
to Arc of Contact on Small Sheave 


Arc of 

contact * deg 

V-belt 
sheaves on 
both shafts 

V belt 
sheave to 
flat pulley 

\i< of 

contar t a deg 

V belt 
sheaves on 
both shafts 

I V belt 

sheave to 
| flit pulley 

| Correction factor | 

Correction factor 

180 

1 00 

0 74 

no 

0 80 

0 86 

170 

0 98 

0 77 

120 

0 83 

0 83 

160 

0 95 

0 79 

110 

0 79 

0 79 

150 

0 92 

0 82 

100 

0 74 

0 74 

140 

0 89 

0 84 

90 

0 69 

0 69 


• Aro of contact - 180 — ~ ^ — 

where D *■ pitch diameter of large pulley (for flat pulleys add the thickness of belt to 
the pulley diameter) d = pitch diameter of small pulley and C = center distance 
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306F. Horsepower Ratings for V Belts 

“A” Section 


Velocity, 

Pitch diam., in. 







5 0 

ft. per mm 

2 6 

3 0 

3 4 

3 8 

4 2 

4 6 








and larger 

1,000 

0 5 

0 7 

0 8 

0 9 

0 9 

1 0 

1 0 

1,100 

0 6 

0 7 

0 9 

1 0 

1 0 

1 1 

1 1 

1,200 

0 6 

0 8 

1 0 

1 0 

1 1 

1 2 

1 2 

1,300 

0 7 

0 9 

1 0 

1 1 

1 2 

1 3 

1 3 

1,400 

0 7 

0 9 

1 1 

1 2 

1 3 

1 4 

1 4 

1,500 

0 8 

1 0 

1 1 

1 3 

1 4 

1 4 

1 5 

1,600 

0 8 

1 0 

1 2 

1 3 

1 4 

1 5 

1 6 

1,700 

0 9 

1 1 

1 3 

1 4 

1 5 

1 6 

1 7 

1,800 

0 9 

1 2 

1 4 

1 i 

1 6 

1 7 

1 8 

1,900 

0 9 

1 2 

1 4 

1 6 

1 7 

1 8 

1 9 

2,000 

1 0 

1 3 

1 5 

1 fa 

1 8 

1 9 

2 0 

2,100 

1 0 

1 3 

1 5 

1 7 

1 9 


2 1 

2,200 

1 1 

1 4 

1 6 

1 8 

1 9 

2 0 

2 2 

2,300 

1 1 

1 4 

1 fa 

1 8 

2 0 

2 1 

2 3 

2,400 

1 1 

1 4 

1 7 

1 9 

2 0 

2 2 

2 3 

2,500 

1 1 

1 5 

1 7 

2 0 

2 1 

2 3 

2 4 

2 600 


1 G 

1 8 

2 0 

2 2 

2 3 

2 5 

2,700 


1 6 

1 8 

2 1 

2 i 

2 4 

2 6 

2 800 


1 fa 

1 9 

2 1 

2 3 

2 5 

2 6 

2,900 


1 '■ 

1 9 

2 2 

2 4 

2 6 

2 7 

3,000 



2 0 

2 2 

2 4 

2 6 

2 7 

3,100 



2 0 

2 3 

2 5 

2 fa 

2 8 

3,200 



2 0 

2 3 

2 5 

2 7 

2 9 

3,300 



2 1 

2 4 

2 fa 

2 7 

2 9 

3,400 




2 4 

2 7 

2 8 

3 0 

3,500 




2 5 

2 7 

2 8 

3 0 

3,600 




2 5 

2 7 

2 9 

3 1 

3,700 




2 5 

2 8 

2 9 

3 1 

3,800 





2 8 

3 0 

3 2 

3,900 





2 8 

3 0 

3 2 






2 8 

3 0 

3 3 






2 9 

3 1 

3 3 







3 1 

3 3 

4,300 






3 1 

3 3 







3 2 

3.4 







3 2 

3.4 








3.4 








3 4 








3 4 






; 


3.4 








3.4 
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Horsepower Ratings for V Belts ( Continued ) 
“B” Section 


Velocity, 
ft. per min. 

j Pitch diam., in. 

5.0 

5.4 

5.8 

6 2 

6.6 

7.0 and larger 

1,000 

1.3 

1 4 

1.5 

1.6 

1.7 

1.8 

1,100 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

1,200 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

1,300 

1.6 

1.8 

1.9 

2.0 

2.1 

2.2 

1,400 

1.7 

1.9 

2.0 

2.1 

2.2 

2.3 

1,500 

1.8 

2.0 

2.1 

2.3 

2.4 

2.5 

1,600 

1.9 

2.1 

2.3 

2.4 

2.5 

2.6 

1,700 

2.0 

2.2 

2.4 

2.5 

2.7 

2.8 

1,800 

2.2 

2.4 

2.5 

2.7 

2.8 

2.9 

1,900 

2.3 

2.5 

2.0 

2.8 

3.0 

3.1 

2,000 

2.4 

2.6 

2.8 

2.9 

3.1 

3.2 

2,100 

2.4 

2.7 

2.9 

3.1 

3.2 

3.4 

2,200 

2.5 

2.8 

3 0 

3.2 

3.4 

3.5 

2,300 

2.6 

2.9 

3.1 

3.3 

3.5 

3.6 

2,400 

2.7 

3.0 

3 2 

3.4 

3.6 

3.7 

2,500 

. 

2.8 

3.1 

3.3 

3.5 

3.7 

3.9 

2,600 

2.9 

3.2 

3.4 

3.6 

•3.8 

4.0 

2,700 

3 0 

3.3 

3.5 

3.7 

3.9 

4.1 

2,800 

3.0 

3.3 

3 6 

3.8 

4.1 

4.3 

2,900 

3.1 

3.4 

3 7 

3.9 

4.2 

4.4 

3,000 

3.2 

3 5 

3.8 

4.0 

4.3 

4.5 

3,100 

3.2 

3.6 

3.9 

4. 1 

4.4 

4.6 

3,200 

3.3 

3.6 

4.0 

4.2 

4.5 

4.7 

3,300 

3.3 

3.7 

4.0 

4.3 

4.6 

4.8 

3,400 

3.4 

3.7 

4 1 i 

j 4.4 

4.7 

4.9 

3,500 

3.4 | 

3.8 

4 1 

4.4 

4.7 

; 4.9 

3,600 

3.4 

3.8 

4 2 

4 5 { 

4.8 

5.0 

3,700 

3.5 

3.9 

4 3 

4.5 

4 8 

5.1 

3,800 

3.5 

3.9 

4.3 

l 

4 6 l 

! 

4 9 

5.2 

3,900 

3.5 

3.9 

4 3 

4.6 

4 9 

5 2 

4,000 

3.5 

4.0 

4 4 

4.7 

5.0 

5.3 

4,100 

3.5 

4.0 

4 4 

4.7 1 

5.0 

5.3 

4,200 

3.5 

4.0 

4 4 

4.7 

5.1 

5.4 

4.300 

3.5 

4.0 

4.4 

4.7 

5.1 

5.4 

4,400 

3.5 

| 4.0 

4.4 

4.8 

5.1 

5.4 

4,500 

3.5 

4.0 

4.4 

4.8 

5.1 

5.4 

4,600 

3.4 

4.0 

4.4 

4.8 

5.1 

5.5 

4,700 

3.4 

1 3.9 

4.4 

4.8 

5.2 

5.5 

4,800 

3.4 

3.9 

4.4 

4.8 

5.2 

5.5 

4,900 

3.3 

| 3.9 

i 4.3 

4.8 

5.1 

| 5.5 

5,000 

3.3 

| 3.8 

! 4.3 


5.1 

1 6.5 
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Horsepower Ratings for V Belts (Continued) 
“C” Section 


Velocity, 
ft. per min. 

Pitch diam., in. 

7.0 

8.0 

9.0 

10.0 

11.0 

12.0 and larger 

1,000 

2.0 

2.5 

2.8 

3.1 

3.4 

3.6 

1,100 

2.2 

2.7 

3.1 

3.5 

3.7 

3.9 

1,200 

2.4 

2.9 

3.4 

3.8 

4.0 

4.3 

1,300 

2.6 

3.2 

3.7 

4.1 

4.4 

4.6 

1,400 

2.7 

3 4 

3.9 

4.4 

4.7 

5.0 

1,500 

2.9 

3.6 

4.2 

4.6 

5.0 

5.3 

1,600 

3.1 

3.9 

4.5 

4.9 

5.3 

5.7 

1,700 

3.3 

4.1 

4.7 

5.3 

5.6 

6.0 

1 ,800 

3.4 

4.3 

5.0 

5.5 

5.9 

6.3 

1,000 

3 6 

4.5 

5.2 

5.8 

6.2 

6.6 

2,000 

3.7 

4.7 

5.5 

6.1 

6.5 

7.0 

2, K)0 

3.9 

4.9 

5.7 

6.3 

6.8 

7.3 

2.200 

4 0 

5 l 

5.9 

6.6 

7.1 

7.6 

2.300 

4.2 

5.3 

6.2 

6.8 

7.4 

7.9 

2,400 

4 3 

. . 

,1 •> 

6.4 

7.1 

7.7 

8.2 

2,500 

4.5 

5 7 

6.6 

7.3 

8.0 

8. •> 

2,600 

4 0 

5 8 

0 8 

7.6 

8.2 

8.8 

2,700 

4.7 

6 0 

7 0 

7.8 

8 4 

9.0 

2,800 

4.8 

6.2 

7.2 

8.0 

8.7 

9.3 

2,000 

4.9 

6.3 

7.4 

8.3 

9.0 

9.6 

3,000 

5.0 

6.5 

7.6 

8.5 

9.2 

9.8 

3,100 

5 1 

6.6 

7.8 

8.7 

9.5 

10.1 

3,200 

5.2 

6.7 

7.9 

8.9 

9.7 

10.3 

3,300 

6.3 

6.9 

8.1 

9.1 

9.9 

10.6 

3,400 


7.0 

8.3 

9.3 

10.1 

10.8 

3,500 | 


7.1 

8.4 

9.4 

10.3 

11.0 

3,600 


7.2 

8.5 

9.6 

10.5 

11.2 

3,700 


7.3 

8.7 

9.8 

10.7 

11.4 

3,800 


7.4 

8.8 

9.9 j 

10.9 

11.6 

3,900 



8.9 

10.1 

11.0 

11.8 

4,000 



9.0 

10.2 

11.2 

12.0 

4,100 



9.1 

10.3 ! 

11.3 

12.2 

4,200 



9.2 

10.4 

11.5 

12.3 

4,300 

1 


9.3 

10.5 

11.6 

12.5 

4,400 




1 10.6 

11.7 

12.6 

4,500 




10.7 

11.8 

12.7 

4,600 





11.9 

12.9 

4,700 






13.0 

4,800 





■n 

13.3 

4,000 





12.1 

13.2 

5,000 





12.2 

13.2 
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Horsepower Ratings tor V Belts ( Continued ,) 
“D” Section 


Velocity, 
ft. per min. 

j Pitch diam., in. 

12.0 

13.0 

14.0 

15.0 

16.0 

17.0 and larger 

1,000 

4.5 

5.1 

5.6 

6.1 

6.5 

6.8 

1,100 

4.9 

5.8 

6.2 

6.7 

7.2 

7.5 

1,200 

5.3 

6.1 

6.7 

7.3 

7.7 

8.2 

1,300 

5.7 

6.5 

7.2 

7.8 

8.4 

8.8 

1,400 

6.1 

7.0 

7.8 

8.4 

9.0 

9.4 

1,500 

6.5 

7.3 

8.2 

9.0 

9.6 

10 1 

1,600 

6.9 

7.9 

8.8 

9.5 

10.2 

10.7 

1,700 

7.3 

8.4 

9.3 

10.1 

10.8 

11.4 

1,800 

7.7 

8.8 

9.8 

10.C 

11 3 

12.0 

1,900 

8.0 

9.2 

10.2 

11.1 

11.9 

12.6 

2,000 

8.4 

9.7 

10.7 

11.7 

12 5 

13.2 

2,100 

8.8 

10.1 

11 2 

12.2 

13.0 

13.8 

2,200 

9.1 

10.3 

11.7 

12.7 

13 6 

14.4 

2,300 

9.3 

10 9 

12.1 

13.2 

14 1 

14.9 

2,400 

9.8 

11.3 

12.6 

13.7 

14.6 

15.5 

2,500 

10.1 

11.6 

12.9 

14.1 

15 1 

16.0 

2,600 

10.4 

12 0 

13 4 

14 6 

15.6 

16.6 

2,700 

10.6 

12.3 

13.8 

15.0 

16.1 

17.1 

2,800 

10.9 

12.7 

14.1 

15.5 

16 6 

17.6 

2,900 

11.2 

13.0 

14.5 

15.9 

17.0 

18.1 

3,000 

11.4 

13.3 

14.9 

16.3 

17.5 

18.6 

3,100 

11.7 

13.6 

15.2 

16.7 

17.9 

19.0 

3,200 

11.9 

13.9 

15.6 

17.1 

18 4 

19.5 

3,300 

12.1 

14.1 

15.9 

17.4 

18.9 

19.9 

3,400 

12.2 

14.4 

16.2 

17.7 

19.1 

20.3 

3,500 

12.4 

14.G 

16.5 

18.1 

19 5 

20.7 

3,600 

12.6 

14.8 

16.7 

18.4 

19.8 

21.1 

3,700 

12.7 

15.0 

17.0 

18.7 

20.2 

21.5 

3,800 

12.8 

15.2 

17.2 

18.9 

20.4 

22.2 

3,900 


15.3 

17.4 

19.2 

20.7 

22.3 

4,000 


15.5 

17.6 

19.4 

21.0 

22.5 

4,100 


15.6 

17.8 

19.6 

21.3 

22.8 

4,200 



17.9 

19.8 

21.5 

23 0 

4,300 



18.0 

20.0 

21.8 

23.0 

4,400 



18.1 

20.1 

21.9 

23.3 

4,500 




20.3 

22.1 

23.5 

4,600 




20.4 

22.3 

23.9 

4,700 




20.5 

22.4 

24.1 

4,800 





22.5 

24.2 

4,900 





22.6 

24.3 

5,000 





22.6 

24.4 
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Horsepower Ratings for V Belts (Continued) 

“E” Section 


Pitch diam in 


Velocity 


ft per min 

20 | 

21 

22 

J3 

24 

I 

25 j 

26 

27 

28 and larger 

1 

000 

8 

0 

8 

5 

9 

0 

9 

4 

9 

8 

10 

2 

10 

5 

10 

9 

11 

1 

1 

100 

8 

7 j 

9 

3 

9 

8 

10 

3 

10 

8 

11 

2 

11 

6 

11 

9 

12 

2 

1 

200 

9 

5 

10 

1 

10 

7 

11 

2 

11 

7 

12 

2 

12 

6 

13 

0 

13 

3 

1 

300 

10 

2 

10 

9 

11 

6 

12 

1 

12 

7 

13 

1 

13 

6 

14 

0 

14 

4 

1 

400 

11 

0 

11 

7 

12 

4 

13 

0 

13 

6 

14 

1 

14 6 

15 

0 

15 

4 

! 

300 

11 

7 

12 

5 

13 

2 

13 

9 

14 

5 

15 

1 

15 

6 

16 

1 

16 

5 

1 

GOO 

12 

4 

13 

3 

14 

1 

n 

8 

15 

4 

16 

0 

16 

6 

17 

1 

17 

5 

1 

700 

13 

1 

14 

0 

14 

9 

15 

6 

16 

3 

16 

9 

17 

5 

18 

1 

18 

6 

1 

800 

13 

8 

14 

8 

15 

7 

16 

5 

17 

2 

17 

9 

18 

5 

19 

0 

19 

6 

1 

000 

14 

5 

15 

5 

16 

4 

17 

3 

18 

0 

18 

8 

19 

4 

20 

0 

20 

6 

2 

000 

15 

2 

16 

2 

17 

2 

18 

1 

18 

9 

19 

6 

20 

3 

21 

0 

21 

6 

2 

100 

1 > 

8 

17 

0 

18 

0 

18 

9 

19 

7 

20 

5 

21 

2 

21 

9 

22 

5 

2 

200 

16 

> 

17 

6 

18 

7 

19 

7 

20 

6 

21 

4 

22 

1 

22 

8 

23 

5 

> 

300 

17 

1 

18 

3 

19 

4 

20 

4 

21 

4 

22 

2 

23 

0 

23 

7 

24 

4 

2 

100 

17 

7 

18 

9 

20 

1 

21 

2 

22 

2 

23 

1 

23 

9 

24 

6 

25 

3 

2 

300 

18 

3 

19 

6 

20 

8 

21 

9 

23 

0 

23 

9 

24 

7 

25 

5 

26 

3 

2 

GOO 

18 

9 

20 

2 

21 

5 

22 

6 

23 

7 

24 

7 

25 

5 

26 

4 

27 

1 

2 

700 

19 

4 

20 

8 

22 

1 

23 

3 

24 

4 

2 > 

4 

26 

4 

27 

2 

28 

0 

2 

800 

19 

9 

21 

4 

22 

8 

24 

0 

25 

1 

26 

2 

27 

1 

28 

0 

28 

9 

2 

000 

20 

4 

22 

0 

23 

4 

24 

7 

25 

8 

26 

9 

27 

9 

28 

8 

29 

7 

3 

000 

20 

9 

22 

7 

24 

0 

25 

3 

26 

5 

27 

6 

28 

6 

29 

6 

30 

5 

3 

100 

21 

4 

23 

0 

24 

5 

26 

0 

27 

2 

28 

3 

29 

4 

30 

4 

31 

3 

1 

200 

21 

8 

23 

5 

25 

1 

26 

5 

27 

8 

29 

0 

30 

1 

31 

1 

32 

0 


300 

22 

3 

24 

0 

25 

6 

27 

1 

28 

4 

29 

6 

30 

7 

31 

8 

32 

8 

3 

100 

22 

6 

24 

5 

26 

1 

27 

6 

29 

0 

30 

2 

31 

4 

32 

5 

33 

5 

3 

>00 

23 

0 

24 

9 

26 

6 

28 

1 

29 

5 

30 

8 

32 

0 

33 

1 

34 

2 

3 

GOO 

23 

4 

25 

3 

27 

0 

28 

6 

30 

0 

31 

4 

32 

6 

33 

8 

34 

8 

3 

700 

23 

7 

25 

6 

27 

4 

29 

1 

30 

6 

31 

9 

33 

2 

34 

4 

35 

5 

3 

800 

24 

0 

26 

0 

27 

8 

29 

5 

31 

0 

32 

4 

33 

7 

34 

9 

36 

1 

3 

000 

24 

2 

26 

3 

28 2 

29 

9 

31 

5 

32 

9 

34 

3 

35 

5 

36 

6 

4 

000 

24 

5 i 

26 

6 

28 

5 

30 

3 

31 

9 

33 

4 

34 

7 

36 0 

37 

2 

4 

100 



26 

8 

28 

8 

30 

6 

32 

3 

33 

8 

35 

2 

36 

5 

37 

7 

4 

200 



27 

1 

29 

1 

30 

9 

32 

6 

34 

2 

35 

6 

37 

0 

38 2 

4 

300 





29 

3 

31 

2 

33 

0 

34 

6 

36 0 

37 

4 

38 7 

4 

400 





29 

5 

31 

5 

33 

3 

34 9 

36 

4 

37 

8 

39 

1 

4 

500 







31 

7 

33 

5 

35 

2 

36 7 

38 2 

39 

5 

4 

GOO 







31 

9 

33 

7 

35 

5 ' 

37 

0 

38 

5 

39 

9 

4 

700 









33 

9 

35 

7 

37 

3 

38 

8 

40 

2 

4 

800 









34 

1 

35 

9 

37 

5 

39 

1 

40 

5 

4 

900 











36 

0 

37 

7 

39 

3 

40 

7 

5 

000 











36 

2 

37 

9 

39 

5 

| 40 9 
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397. Procedure in Planning a Flat-belt Drive (General Electric Co.).— 

1. Check reduction ratio of speed required against limits of 
Sec. 318. 

2. Determine pulley diameters from Secs. 394A and 401. 

3. Check available distances between centers of shafts against limits 
of Secs. 399 and 402. 

4. Determine belt speed from Secs. 400 and 403. 

5. Determine horsepower that will be transmitted per inch of width of 
belt from Secs. 404 and 405. 

6. Determine width of belt required from Sec. 406. 

7. Determine required width of pulleys from Sec. 407 and check against 
standard motor-pulley widths from Sec. 394A. 

398. Belt Slip. —The effect of creepage and slip is to reduce the speed 
of the driven pulley and, consequently, the power transmitted. For 
commercial applications it will be close enough to multiply the calculated 
speed of the driven shaft by 98 per cent, assuming 2 per cent slip. The 
diameter of the driven pulley should be slightly smaller than that 
calculated on the basis of no slip in order to get a certain speed at the 
driven shaft. In other words, the speed of the driven shaft is reduced by 
slip unless compensated for by reducing the driven-pulley diameter a 
proportionate amount. 

A small amount of belt slip is not harmful, but excessive slip is. Severe 
slippage burns the belt, quickly destroying its usefulness, while, at best, 
the belt surface is polished so that the grip on the pulley is materially 
reduced. Belt slip can be detected by noting the condition of the pulley 
surface. When the belt is slipping, the pulley will have a very shiny 
appearance, as contrasted with the smooth but rather dull appearance 
it should have. 

Excessive slip is caused by poorly designed drives, where the driving 
pulley is too small or the load too great; by running the belt too loose; or 
by not giving proper attention to the care of the belt. 

399. Arc of Contact for Flat-belt Drives. —One of the factors affecting 
the amount of power that can be transmitted by a belt of given width 
is the arc of contact (the distance the belt wraps around the pulley). As 
this arc of contact decreases, the belt width must be increased to transmit 
the same horsepower with 2 per cent slip; Table 405, however, allows a 
factor of safety sufficient to take care of installations which are in accord¬ 
ance with the recommendations for belt ratios and center distances given 
in this subdivision. If it is necessary to exceed the limits given, it may be 
necessary to use a belt tightener. 
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400. Belt Speeds for Flat Belts 


Pulley diam., in. 


Full-load 
speed of 
motor, r.p.m. 

3 H 

4 

4 M 

5 


6 

7 

8 

9 

10 

11 

Belt speed, ft. per min. 

1,750 

1,605 

1,835 

2,060 

2,290 

2,520 

I 

2,7.50 

3,205 

3,670 

4,125 

4,580 

5,040 

1,450 

1,330 

1,520 

1,710 

1,900 

2,090 

2,275 

2,660 

3,040 

3,420 

3,800 

4,170 

1,150 

1,055 

1,205 

1,355 

1,505 

1,655 

1,810 

2,110 

2,410 

2,710 

3,010 

3,315 

860 

790 

900 

1,015 

1,130 

1,240 

1,350 

1,575 

1,800 

2,030 

2,255 

2,480 

690 


725 

815 

905 

995 

1,085 

1,265 

1,445 

1,625 

1,810 

1,990 

575 



680 

755 

830 

905 

1,055 

1,205 

1,355 

1,505 

1,655 






Pulley diam., in. 





F ull-load 



1 14 

! 




I 




speed of 

12 

13 



| 16 

17 

18 

19 

20 

21 

22 

motor, r.p.m. 

; 


1 

| 15 

1 











Belt speed, ft. 

per min. 




1,450 

4.560 

4,930 


: 



j 





1,150 

3.615 

3,915 

4,220 

4,520 

4,820 

5,120 






860 

2,705 

2,930 

3,160 

3,380 

3,610 

3,835 

4,060 

4,280 

4,510 

4,740 

4,960 

690 

2,170 

2,3501 

2,530 

2,710 

2,890 

3,075 

3,250 

3,435 

3,615 

3,800 

3,980 

575 

1 .805 

1,955 

2,105 

2,260 

2,410 

2,560 

2,710 

2,860 

3,010 

3,160 

3,310 


Pulley diam., in. 

Full-load 











wm 

speed of 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 


motoi, r.p.m. 
















Belt speed, ft. per min. 



1 

690 

4,160 

4,340 

4,520 

j 

4,700 

4,880 

5,060 






575 

3,460 

3,610 

3,760 

3,915 

1 

4,060 

4,210 

4,360 

4,515 

4.665 

4,815 

4,965 


The above table is based on the formula 
Belt speed in feet per minute — 


3.1416 X pulley diameter in inches X r.p.m. 
1 ? 
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401. Determining Pulley Diameters. —The following rules are given 
for determining pulley diameters and speeds: 

1. Diameter of driven pulley « 

diameter of motor pulley X full-load motor speed in r.p.m. 
r.p.m. of driven pulley 

2. Diameter of motor pulley = 

diameter of driven pulley X r.p.m. of driven pulley 
full-load motor speed in r.p.m. 

3. R.p.m. of driven pulley = 

diameter of motor pulley X full-load mo to r speed 
diameter of driven pulley 

4. R.p.m. of motor = 

diameter of driven pulley X speed of drive n p ulley 
diameter of motor pulley 

The above formulas may be applied to any belt drive by substituting 
the terms “driver” and “r.p.m. of driver” for “motor pulley” and 
“motor speed.” 

Caution. —The desired driven speed should be increased 2 per cent in 
above formulas to allow for belt slip. 

It is desirable to utilize the standard pulleys furnished with the motors 
wherever possible. The use of special pulleys on electric motors is 
limited by mechanical dimensions and by the permissible bearing pres¬ 
sure, which, for the transmission of a certain horsepower, increases as the 
pulley diameter decreases. The maximum pulley diameter is determined 
by mechanical dimensions. These are in addition to the usual require¬ 
ments of proper belt speed and width to transmit the power involved. 

402. Center Distances for Flat-belt Drives. —A short center distance is 
bad for two reasons: it means a shorter belt, so that flexure occurs at each 
cross section more frequently; and the arc of contact on the smaller pulley 
frequently becomes so small that power can no longer be effectively 
transmitted. Two and a half times the diameter of the larger pulley 
should be the minimum center distance, with from three to five a better 
figure. 

403. Flat-belt Speed . —Belts should not be run at speeds above 
5,000 ft. per min. Above this speed there is not sufficient friction con¬ 
tact between belt and pulley, because of the effect of centrifugal force 
tending to “throw” the belt. 

Table 400 gives the belt speed in feet per minute corresponding to 
various motor speeds and pulley diameters. 

404. Horsepower Transmitted by Flat Belts. —The pulley must be 
large enough to transmit the horsepower, which ordinarily will not be the 
motor-horsepower rating but a figure somewhat larger, to take care of 
possible overloads and peak loads. In ordinary applications, 125 per 
cent of the motor rating may be allowed for a safety factor in the usual 
sizes of motors. 
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In general, the product of the diameter and belt width of a special 
pulley should at least equal the product of the corresponding dimensions 
of the standard pulley recommended for that size and speed of motor. 
Assuming that the diameters have been tentatively chosen as best for the 
desired purpose, the horsepower that can be transmitted will depend 
upon the pulley material, the belt width, its quality and number of 
plies, the distance between centers, and the relative angular location 
of the driving and driven pulley. 

Table 405 shows the horsepower per inches of width transmitted by 
good leather belting running over paper pulleys with 180-deg. arc of 
contact and no slip. For iron pulleys, multiply figures given by 0.62; for 
wood pulleys, multiply by 0.41 (for belt speeds, see Table 400). 

405. Horsepower Transmitted per Inch of Width of Flat Leather Belts 


To obtain the horsepower transmitted by belts of any width, multiply 
the figure shown for the given belt speed by the width of the belt used. 


Belt 

Hp. 

Belt 

Hp. 

Belt 

Hp. 

Belt 

Hp. 

speed, 

per 

speed, 

per 

speed, 

per 

speed, 

per 

ft. per 

in. of 

ft. per 

in. of 

ft. per 

in. of 

ft. per 

in. of 

min. 

width 

min. 

width 

min. 

width 

min. 

width 


Single Belting 


900 

1 25 

2,000 

2.78 

3,100 

4 31 

4,200 

5.84 

1,000 

1.39 

2,100 

2.92 

3,200 

4.45 

4,300 

5.98 

1,100 

1.53 

2,200 

3.06 

3.300 

4.59 

4,400 

6.12 

1,200 

1.67 

2,300 

3.20 

3,400 

4.72 

4,500 

6.26 

1,300 

1.81 

2,400 

3.33 

3,500 

4.86 

4,600 

6.40 

1,400 

1.95 

2,500 

3.47 

3,600 

5.00 

4,700 

6.54 

1,500 

2.09 

2,600 

3.61 

3,700 

5.14 

4,800 

6.68 

1,600 

2.22 

2,700 

3.75 

3,800 

5.28 

4,900 

6.82 

1,700 

2.36 

2,800 

3.89 

3,900 

5.42 

5,000 

6.96 

1,800 

2.50 

2,900 

4.03 

4,000 

5 56 



1,900 

2.64 

3,000 

4.17 

4,100 

5.70 




Double Belting 


900 

1.79 

2,000 

3.97 

3,100 

6.16 

4,200 

8.34 

1,000 

1.99 

2,100 

4.17 

3,200 

6.36 

4,300 

8.54 

1,100 

2.19 

2,200 

4.37 

3,300 

6.55 

4,400 

8.74 

1,200 

2.39 

2,300 

4.57 

3,400 

6.75 

4,500 

8.94 

1,300 

2.58 

2,400 

4.77 

3,500 

6.95 

4,600 

9.13 

1,400 

2.78 

2,500 

4.97 

3,600 

7.15 

4,700 

9.33 

1,500 

2.98 

2,600 

5.16 

3,700 

7.35 

4,800 

9.53 

1,600 

3.18 

2,700 

5.36 

3,800 

7.55 

4,900 

9.73 


3.38 

2,800 

5.56 

3,900 

7.74 

5,000 

9.93 


3.58 

2,900 

5.76 

4,000 

7.94 



1,900 

3.78 

3,000 

5.96 

4,100 

8.14 
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The figures shown in Table 405 are for “regular” single-ply and double- 
ply belts. The values for horsepower transmitted by “light” belts will be 
80 per cent of values shown, and by “heavy” belts, 115 per cent of values 
shown. 

406. Belt Width for Flat Belts. —For a given diameter, the minimum 
belt width is determined by the horsepower to be transmitted; the 
maximum width is limited by the possible overhang and the safe strain 
which may be placed on the bearing. 

To obtain the belt width necessary to transmit a given horsepower, 
divide the horsepower which is to be transmitted by the figures given in 
Table 405, if paper pulleys are used. For iron pulleys, multiply the 
quotient thus obtained by 1.6; for wood pulleys, by 2.4. 

Stock sizes of belts increase in width by the following increments: 


Belt Width. In. 

Increment, In. 

h~l 

X 

I -4 

X 

4 -7 

X 


7 30 1 

30 56 2 

Above 56 4 

The foregoing represents average practice; stock sizes of different 
manufacturers may vary slightly from the figures given. 

Notes. —A good handy rule to remember is: A single-ply belt 1 in. 
wide and running at 1,000 ft. per min. will deliver approximately 1 hp. 
(up to about 3,000 r.p.m.). 

Round belts of 0.25 and 0.5 in. diameter are fully equal to single belts 
of 1 and 3 in., respectively. 

407. Pulley widths should exceed belt widths by following amounts: 


Pulley diam., 
in. 

Iron pulley, 
m. 

Paper pulley, 
in. 

Under 2 

X 

X 

2- 5 

X 

X 

5 10 

X 

X 

10 20 


1 

20 24 

X 

1 

24 36 

X 

ix 

Above 36 

X 

2 


408. Arrangement of Belts and Pulleys.—A typical belt-drive layout 
is shown in Fig. 153. The best arrangement of belts and pulleys is with 
the center line through the pulleys in a horizontal plane. This is called 
horizontal drive. The drive should be arranged so that the lower side of 
the belt is driving in order that the sag of the upper side of the belt will 
tend to increase the arc of contact. This is illustrated in Fig. 154. 
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Fig. L53.- 


-Typical sketch of belt layout. 
0 General Electric Co.) 


The sag should be about 1% in. for every 10 ft. of center distance between 
shafts. If it is too loose, the belt will have an unsteady flapping motion 
which will injure both belt 
and machinery; if it is too 
tight, the bearings will be 
worn and the belt quickly 
destroyed. 

Vertical drives, the mount¬ 
ing of one pulley above 
another, should be avoided. 

This is particularly true 
where the lower pulley is the 
smaller. The effective tension and arc of contact are reduced in vertical 
drives so that the normal load cannot be carried. It is better if the angle 

of the belt with the floor does 
not exceed 45 deg. (see Fig. 
154). 

Where several belts trans¬ 
mit power from a line shaft, 
it is advantageous, where 
possible, to locate the line 
shaft so that the bearing 
pressures can be equalized 
and reduced by alternating 
the direction of drive, first on 
one side, then on the other. 

409. Rule for Finding 
Length of Belts.—When it is 
not feasible to measure with 
the tapeline the length re¬ 
quired, the following rule, 
which gives an accurate result 
when the pulleys are of the 
same diameter and an approximately accurate result when the pulleys 
arc of different diameters, can be used: 

Add the diameters of the two pulleys (D and d, Fig. 155) together, 
divide the result by 2 and multiply the quotient by ; add the product 
to twice the distance L between the centers of the shafts, and the result 
is the length required. All values should be expressed either in feet or in 

, I,- u - j ><---. io‘o--- . 



I- Three arrangements of vertical drive 


Bad Correct 

IT- Two arrangements of horizontal drive 

Fia. 154.—Arrangement of belts. 0 General 
Electric Co.) 


Be ft<, 

— Pulleys 

Fig. 155.—Notation for belt- 
length formula. 


Pulleys .' 

Fig. 156.—Example in finding 
belt length. 
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inches. Expressed as a formula, using the notation of Fig. 155, the rule 
becomes 

Length of belt = l(D + d)1.57] + 2L (10) 

Example. —What is the length of the belt required for the two pulleys of Fig. 156? 
Dtameters of pulleys are 16 and 18 in. Distance between centers is 10 ft. or 120 in. 

Solution. —Substitute in the formula 

Length of belt = [(18 + 16)1.57] + 2 X 120 = (34 X 1.57) + 240 = 293.4 in. « 

= 24.4 ft. 

If one pulley is considerably larger than the other a little extra allow¬ 
ance should be made, because the distance between the points of tangency 
of the belt on the two pulleys is somewhat greater than the exact distance 
between the centers of the shafts. 

410. Rule for Measuring Belts in the Roll.—Add to the diameter of the 
roil in inches the diameter of the hole in the center of the roll. Multiply 
this sum by the number of coils in the roll and multiply this product by 
1.32. The three figures on the left indicate the number of feet in the roll. 

Example .— Roll of 5-in. single leather belt measuie 37 ft 8 in. outside diameter, hole is 
4% in. in diametei, number of coils in roll is 84. How long is the belt? 

Solution. —Using the above rule 

(37*8 + 4 ft «) X 84 = 42'i X 84 = 3,519 X 1.32 = 4,684.68 

The first three figuies on Ihe left indicate thal the roll contains 408ft. By actual 
measurement the loll is found to contain 409 ft. (Page Belting Co.) 

411. Splicing Belts (Pago Belting Co.).—Where possible, the ends 
of the belt should be fastened together by splicing and cementing. If 
belts are to be laced or fastened otherwise than with cement, cut off the 
ends perfectly true, using a try square. Punch the holes exactly opposite 
one another in the two ends as in Fig. 157. The grain side of the belt 
should be run next to the pulley, and the belt should be run off, not 
against, the laps. Undoubtedly, exclusive of cementing, lacing is the 
best method for fastening belt ends together, as the lacing is as flexible 
as the belt and runs noiselessly over the pulleys. The best lacing is in the 
end the cheapest. Cheap lacing is very expensive in the Jong run. 

Use a small lace so that the holes will be small. For belts 1 to in. 
wide, use J^-in. lacing; 2)4 to 4)4 in., use f^e-in. lacing; 5 to 12 in., use 
%-m. lacing. For wider belts use wider lacing in proportion. Avoid 
thick lacing. Light, strong lacing is the best. 

In punching a belt for lacing it is desirable to use an oval punch, the 
longer diameter of the punch lying parallel with the length of the belt, sa 
that a minimum amount of leather across the belt will be cut out. There 
should be in each end of the belt two rows of holes, placed zigzag. Make 
the holes the smallest possible that will admit the lace. In a 2-in. belt 
there should be 3 holes in each end; in a 2^-in. belt, 4 holes; in a 3-in. 
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belt, 5 holes; in a 4-in. belt, 7 holes; in a 5-in. belt, 9 holes; in a 6-in. belt, 
11 holes; in an 8-in. belt, 15 holes; in a 10-in. belt, 19 holes; in a 12-in. 
belt, 23 holes. 

The center of no hole should come nearer to the side of the belt than 
% in. or nearer the end than % inch. The second row should be at least 



£>lnch&«lt. 




12-Inch Belt. 


Methods of Punching. 



K-MUMr-M 



(Put I Lints Show Lacing on tmids or Pull*/ Sid* of Bdt. 
Doited Linos Show Dating on Outside.) 


Pulley Sld« 12-Inch Self Laced. 

Joint. 

Fig. 157.—Method of lacing belts. 

1% in. from the end. On wide belts these distances should be even a 
little greater. 

Begin to lace in the center of the belt and take great care to keep the 
^nds exactly in line and to lace both sides with equal tightness. The 
lacing positively must not be crossed on the side of the belt that runs next 
to the pulley. 

412. In putting on new belts, a common rule is to draw them up and 
stretch them % in. for every foot in length of belt. 




Ovtofde 12-Inch Mr Laced. 

PlNItHBO 
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The strongest part of belt leather is near the flesh side, about one-third 
the way through from that side. It is, therefore, desirable to run the 
grain (hair) side on the pulley, in order that the strongest part of the belt 
may be subject to the least wear. The flesh side is not so apt to crack 
as is the grain side when the belt is old; hence it is better to crimp the 
grain than to stretch it. Leather belts run with the grain side to the pul¬ 
ley will drive 30 per cent more than if run with the flesh side. The belt, 
as well as the pulley, adheres best when smooth, and the grain side 
adheres best because it is smoother. 

413. A belt adheres much better and is less apt to slip when run at a 
high speed than at a low speed. Therefore, it is better to gear a mill with 
small pulleys and run them at high velocity, than with large pulleys and 
run slower. A mill thus geared costs less and has a much neater appear¬ 
ance than w r ith large, heavy pulleys. 

414. Belt Troubles. —The belt on any belt-connected machine should 
be tight enough to run without slipping, but the tension should not be 
too great, or the bearings will heat. The crowns of driving and driven 
pulleys should be alike, as “wobbling” of belt* is sometimes caused by 
pulleys having unlike crowns. If this is caused by bad joints, they should 
be broken and cemented over again. A wave motion or flapping is 
usually caused by slippage between the belt and pulley, resulting from 
grease spots, etc. It may, however, be a warning of an excessive 
overload. 

This fault may sometimes be corrected by increasing the tension, but 
a better remedy is to clean the belt. A back and fort h movement on the 
pulley is caused by unequal stretching of the edges of the belt. If this 
does not cure itself shortly, examine the joints. If they arc evenly made 
and remain so, the belt is bad and should be discarded. 

415. Gear Drive. —Gearing is the most positive form of power trans¬ 
mission and is frequently employed when the motor can be mounted 
directly on a machine. The points to be considered on a gear drive are 
the following: (1) speed reduction, (2) pitch of the gears, (3) number of 
teeth on the gears (pinion and gear), (4) face of the gear, (5) pitch-line 
speed, (6) distance between centers, (7) use of idler gears, and (8) mount¬ 
ing of the motor. 

The speed reduction is the same as for the belt drive. Each motor 
rating has a minimum pinion to limit stresses to safe values. The pitch, 
number of teeth, and face for motor pinions have been standardized for 
back-geared motors, and the best practice when gearing a motor directly 
to machines is to use these motor pinions if possible. Table 426 gives the 
standard motor ratings and other valuable gearing information. (The 
information on gear drives given herein is largely from an article in 
the American Machinist , by A. G. Popcke.) 

416. The method of gearing depends largely upon the distance between 
centers and the space available for the motors. In all cases the pinion 
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must not be selected smaller than the minimum specified in Sec. 426. 
The pitch-line speed must not exceed the limits given. There are two 
general cases covering the mounting of a motor to drive a machine 
through gears; these are: 

1. Where the dimension of the motor or machine limits the distance 
between centers of the motor shaft and the driven shaft. 

2. Where the limitation of (1) does not exist. 

The first case occurs when a motor is mounted on top, side, or bottom 
of a machine, as shown in Fig. 158. The dimension causing limitations 



Fin. 158.- Motor mountings for gear drive (distances between gear centers 

limited). 


is indicated by A in these illustrations. The proper distance can be 
obtained by using large enough gears; the limit is pitch-line speed. 
An intermediate idler gear frequently overcomes the difficulties here 
experienced. 

In the second case the relation of the motor and machine is shown in 
Fig. 159. In this case the motor can be mounted on a base, and the 
motor pinion can mesh with the gear on the 
machine in any convenient position. 

If reductions greater than 7:1 are re¬ 
quired, it is usually necessary to obtain the 
reduction by the use of two sets of gears. 

The back-geared motors discussed under 
Belt Drive can be used to furnish one set of Fig. 159.— Motor mount- 
gears in these cases. Thus if a reduction ing for gear drive (no 
of 10:1 is desired, a back-geared motor with to center ciis “ 

a standard 6:1 reduction, with a further 

reduction from the countershaft of the motor to the machine of 1 %: 1 or 
1.66:1 will fulfill the requirements. 

Example .—The speed of the driven shaft of the machine is 210 r.p.m., the hp. is 10, 
the motor is mounted on the machine, and the limiting distanoe between centers is 12 in. 
What are the sizes of gear and pinion to be used? The maohine is a punoh and shear. 

Solution .—In this case a pitch-line speed of approximately 1,000 ft. per min. will be 
employed. Table 426 shows that a 10-hp. motor at 850 r.p.m. is the highest speed 
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motor that can be used for this pitch-line speed. The ratio of reduction is then 


850 

210 


4.05 (use 4 :1) 


The distance between centers for any set of gears is determined by the formula 


a 


_ _ 6 _ 
2 P 


(inches) (11) 


where a — the distance between centers in inches; b — the sum of the number of teeth 
in both gears; and P = the diametral pitch. In this case 


a or 12 


b 

2 X 5 ; 


b = 120 


The number of teeth in the pinion is, 


_ b _ _ 120 

Ratio of reduction plus 1 5 


24 = number of teeth 


The number of teeth in the gear is 4 X 24 = 96. 

Table 428 shows that the pitch-line speed for this motor with 20 teeth is 890 ft. 
per min. The pitch-line speed with 24 teeth is 

24 

X 890 = 1,008 ft. per min. 


If quiet operation is desired a cloth or rawhide pinion should be used with a 3?4-m. 
face. Thus the gears are specified as follows: 

Motor pinion—rawhide —P = 5, face 3^4 in., 24 teeth. Machine gear—steel P 
= 5, face 3 in., 96 teeth. 

The bore for each is determined by the diameter of the shaft to which it is connected. 
The pinion is wider than the gears, so that the rawhide only engages with the gear. 
If it were the same width, the brass cndplates of the rawhide pinion would engage with 
the gear, causing noise. 

417. In the selection or specification of pinions for motors (C. W. 

Drake, Electric Journal ) for geared applications, three dimensions must 
be determined, namely, the face, the diameter, and the pitch. These 
dimensions vary symmetrically according to the strength required, or, in 
other words, according to the torque exerted in transmitting power. As 
the horsepower and speed of the motor in any case determine the torque, 
it is evident these are the factors determining the proper dimensions of a 
pinion for the motor. A line of pinions with dimensions increasing sym¬ 
metrically with the torque will therefore answer the purpose for all 
combinations of horsepower and speed. Every geared application 
requires special consideration, since the nature of the service, the shaft 
diameter, etc., may affect the dimensions of the pinion. 

In gear drive the pinion is subject to most rapid wear owing to its 
smaller diameter. It is as important to have a pinion of good wearing 
qualities as it is to have one of sufficient strength, and, for a pinion of a 
given material, the ability to withstand wear depends mainly, if not 
wholly, on the width of the face. With a steel pinion and a cast-iron 
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gear the former is usually the limiting factor of life and the latter the 
limiting factor of strength. 

418. Cast-steel gears are about twice as strong as cast iron and should 
be used when the face of a corresponding cast-iron gear would be 4.5 in. or 
more, although the cost is approximately double that of cast-iron. With 
continuous contact all along the length of the teeth, the strength of the 
gear is approximately proportional to the face and the square of the cir¬ 
cular pitch, but gear teeth seldom make such contact until worn down in 
service. With new gears the whole pressure is brought to bear on the 
high spots, and stripping may occur before they are worn down; hence 
the necessity of using the stronger material. 

419. Bronze and Rawhide Pinions.—For equal strength the working 
face of rawhide pinions must be about 25 per cent wider than correspond¬ 
ing steel pinions. For quiet operation, only the rawhide should be in 
contact with the gear, although for high-torque motors and other severe 
service the gears may be widened to cover the entire pinion, thus making 
use of the metal flanges. Where steel pinions would make objectionable 
noise, rawhide pinions should be used if the stresses permit, since the 
pitch-line speed with a rawhide pinion is limited more by the rapid wear 
of the pinion than by noise. A pitch-line speed of 2,000 ft. per min. is 
considered a fair average limit for rawhide, but 2,500 to 3,000 ft. per min. 
may be used under especially favorable conditions regarding attendance, 
lubrication, absence of moisture, or high temperature and for intermittent 
service or where the life of the pinion is not important. 

The wear and noise of bronze pinions are intermediate between those of 
rawhide and steel. Bronze pinions are particularly adapted to conditions 
where heat and moisture prohibit the use of rawhide. Their cost is about 
the same as rawhide. 

420. Noise of Gears and Pitch-line Speed Limits.—Spur gears ordi¬ 
narily begin to make a noticeable noise at pitch-line speeds of about 
600 ft. per min., but under average conditions may not become disagree¬ 
ably noisy with pitch-line speeds under 1,200 ft. per min. The amount 
of noise allowable depends on the noise made by surrounding machinery, 
on the character of the workmen, and on the nature of the work in the 
vicinity. A noise that would be unnoticeablc in a boiler shop might be 
exceedingly disagreeable in a shop that was otherwise comparatively 
quiet. Where noise is not a limiting feature there is no limit to allowable 
pitch-line speeds, except the increased wear and depreciation of the 
motor, gears, and driven machine; but depreciation may become a very 
important factor with high pitch-line speeds, say 2,500 ft. per minute, or 
sometimes even less. Tests recently made to determine a design for 
gears that will give the least noise and yet have sufficient strength and 
wearing qualities indicate the following facts, other conditions being the 
same: 
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1. Gears having large teeth give forth a relatively greater volume of 
noise at a low pitch that does not carry far, while gears having smaller 
teeth give forth a smaller volume of noise at a higher pitch that carries 
farther. 

2. Most of the noise comes from the gear and not from the pinion or the 
motor. 

3. A gear designed so that it will give a dead sound when struck a blow 
with the hammer will be the least noisy in operation. 

421. Conditions for Noiseless Operation of Gears. —Rigid and massive 
supports and close-fitting bearings for both the motor and the driven 
machine are conducive to a noiseless gear drive, and the pinion should 
always be placed close to the motor bearing. A gear application with 
motor mounted upon the ceiling might be twice as noisy as the same 
application with motor mounted on a concrete foundation. 

422. Pinions for High-torque Motors. —For series motors and those 
heavily compounded, as bending-roll motors, or for motors subject to 
very severe service of any kind, select a pinion suitable for a constant- 
speed motor of the same rated r.p.m. but of about 50 per cent higher 
horsepower. 

423. Selection of Ratio for Back-geared Motors. —A ratio of about. 
0:1 is usually standard for back-geared motors and should bo selected 
wherever possible, but smaller ratios down to 3:1 or maximum ratios 
up to 7:1 may be obtained in certain capacities of motors for service 
where the conditions of the application warrant the use of such ratios (see 
preceding paragraphs on this subject). 

424. Outboard Bearings for Gear Drive. —Outboard bearings should 
be used for motors of about 40 hp. and above in heavy geared service 
requiring continuous operation with frequent reversing and overloads; 
also for all motors of about 100 hp. and above in any geared service. The 
proper use of outboard bearings cannot be emphasized too strongly, since 
on account of increased expense there is a tendency to omit them even 
where good engineering demands their use. 

426. How to Use the Chart for Determining Gear Dimensions (C. W. 
Drake, Electric Journal). —The dimensions for pinions for average condi¬ 
tions of motor-drive service are given in Fig. 160. This chart is useful in 
making preliminary estimates or selections of pinions for geared motors. 
The chart applies without correction to steel pinions only. The diam¬ 
eters are considered about standard for the various ratings, although both 
smaller and larger pinions can generally be used, the limiting size for 
small pinions being the strength and number of teeth, and, for large 
pinions, the pitch-line speed. 

Example .—To determine the steel pinion for a 5-hp. motor at 1,200 r.p.m., find the 
intersection of the oblique line marked 5 hp. with the horizontal line through 1,200 r.p.m. 
On the vertical line through this intersection may be found 21.9-lb. torque, 2.3-in. pinion 
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Fig. 160.—Chart for determining approximate commercial values of pinion 
diameter, pinion face, diametral pitch, pitch-line speed, and torque, with 
revolutions per minute and horse-power of motor given. 

large pinions, where half pitches are sometimes used, so that a pitch of 5 would probably 
be used in the above case. Since the number of teeth is the product of the pitch diameter 
and the diametral pitch, the assumed pitch diameter, 3.2 in., is satisfactory with the 
& pitch, because it gives a whole number of teeth; t.e., 16. 
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426. Gear Data For Motor Applications 

(A. G. Popcke, American Machinist) 


H P . 

R.p.m. 

Diam. 

pitch 

Number of teeth 

Face 

Stand¬ 

ard 

pitch¬ 

line 

speed 

Min. 

diam. 

Max. no. of 
teeth for pitch 
line speed of 

Stand¬ 

ard 

pinion 

Min. 

raw- 

hide 

pinion 

Min. 

steel 

pinion 

Steel 

Raw- 

hide 

and 

cloth 

1,000 
ft. per 
min. 

2,000 
ft. per 
min. 

1 

1,700 

8 


17 

15 

13 

1 

n 4 

940 

1.63 

18 

36 

1 

1,200 

8 


17 

15 

13 

m 

2 

665 

1.63 

25 

50 

2 

1,700 

8 


17 

15 

13 

1^2 

2 

940 

1.63 

18 

36 

2 

1,200 

8 


22 

20 

19 

lK 

2 34 

870 

2.38 

25 

50 

2 

850 

6 


18 

21 

19 

IK 

2K 

615 

2.38 

36 

72 

3 

1,800 

8 


22 

20 

19 

IK 

2K 

1,300 

2.38 


34 


1,150 

8 


22 

21 

19 

IK 

234 

830 

2.38 

26 

52 


850 

6 


18 

18 

18 

2K 

3H 

670 

3.0 

27 

54 

5 

1,800 

8 


22 

21 

19 

IK 

2K 

1,300 

2.38 


34 


1,200 

6 


18 

18 

18 

2K 

39k 

940 

3.0 

io 

38 


850 

6 


21 

19 

18 

2K 

3K 

990 

3.0 

27 

54 

7H 

1,700 

6 


18 

18 

18 

23; 

3K 

1,400 

3.0 


26 


1,150 

6 


21 

19 

18 

2K 

3K 

1,050 

3.0 

20 

40 


975 

5 


19 

18 

18 

3 

3K 

970 

3.6 

19 

38 


850 

5 


19 

18 

18 

3 

3K 

850 

3.6 

22 

44 


650 

5 


20 

18 

18 

3 

3K 

685 

3.6 

29 

58 

10 

1,700 

6 


21 

19 

18 

2K 

3 3 8 

1,420 

3.0 


27 


1,300 

6 


22 

19 

18 

2K 

3K 

1,250 

3.0 


35 


1,150 

5 


19 

18 

18 

3 

3K 

1,150 

3.6 


33 


850 

5 


20 

18 

18 

3 

3K 

890 

3.6 

22 

44 


730 

5 


21 

18 

18 

3*2 

4*2 

805 

3.6 

26 

52 


600 

5 


21 

19 

19 


4 1 4 

665 

3.8 

31 

62 

15 

1,700 

5 


19 

18 

18 

3 

3 3 4 

1,700 

3.6 


22 


1,250 

5 


20 

18 

18 

3 

3K 

1,300 

3.6 


30 


1,150 

5 


21 

18 

18 

3*2 

4*1 

1,210 

3.6 


35 


825 

5 


21 

19 

19 

3*i 

4 34 

910 

3.8 

23 

46 


675 

4 X 


22 

18 

18 

4 

5 

870 

4.0 

25 

50 


600 

4>2 


22 

19 

19 

4 

5 

770 

4.22 

29 

58 

20 

1,700 

5 


20 

18 

18 

3 

3K 

1,780 

3.6 


22 


1,100 

5 


21 

19 

19 

3*2 

434 

1,220 

3.8 


35 


900 

4H 


22 

18 

18 

4 

5 

1,150 

4.0 

io 

38 


750 

4 M 


22 

19 

19 

4 

5 

960 

4.22 

23 

46 


650 

4 


21 

18 

18 

414 

534 

890 

4.5 

23 

40 

25 

1,400 

5 


21 

19 

19 

33 2 

434 

1,550 

3.8 


27 


1,100 

4*2 


22 

18 

18 

4 

5 

1,400 

4.0 


31 


950 

4 X 


1 22 

19 

19 

4 

5 

1,220 

4.22 


36 


825 

4 


1 21 

18 

18 

4 34 

534 

1,130 

4.5 

is 

36 


600 

4 


22 

19 

18 

4!4 

534 

860 

4.5 

25 

50 

30 

1,700 

5 


21 

19 

19 

3^2 

414 

1,880 

3.8 


22 


1,150 

4 H 


22 

19 

19 

4 

5 

1,470 

4.22 


30 


975 

4 


21 

18 

18 

4 K 

53i 

1,330 

4.5 


31 


725 

4 


22 

19 

18 

434 

534 

1,050 

4.5 

2 i 

42 


600 

3H 


20 


18 

4'A 


970 

5.53 

20 

40 

35 * 

1,700 

4H 


22 

is 

18 

4 

5 

2,180 

4.0 


20 


1,150 

4 


21 

18 

18 

434 

5*4 

1,580 

4.5 


27 


850 

4 


22 

19 

18 

434 

534 

1,220 

4.5 

is 

36 


675 

3 K 


20 


18 

4 H 


1,080 

5.53 

18 

36 

40 

1,700 

4> 2 


22 

io 

19 

4 

5' ’ 

2,180 

4.22 


20 


950 

4 


22 

19 

18 

434 

5K 

1,370 

4.5 


32 


775 

3H 


20 


18 

43-1 


1,250 

5.53 


32 


600 

3 


18 


15 

434 


940 

5.0 

io 

38 

50 

1,700 

4 


21 

is 

18 

434 

5K 

2,340 

4.5 


18 


975 

3 H 


20 


18 

434 


1,580 

5.53 


25 


750 

3 


18 

.. 

15 

4 34 


1,170 

5.0 

15 

30 


565 

3 


20 


18 

434 


990 

6.0 

20 

40 
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427. Adjustable-speed Motor Ratings and Pulley and Gear Data 
For Use When Connecting Adjustable-speed Motors to Drive 

Machinery 

(A. G. Popcke, American Machinist) 



R.p.m. 

Smallest 

pulley 


Gear data 


Pitch¬ 
line speed, 

■ 











at min. 

Hp. 






F ace 



diam. 















Min. 

Max. 

Diam. 

F ace 

Pitch 

Steel 

Raw- 

Min. 

teeth 

Min. 

diam. 

Min. 

Max. 

at max. 
speed 







hide 



speed 

speed 

1 

740 

m 

3 

3 

8 

1 3 4 

2*4 

19 

2.38 

460 

1,380 

27 


600 

1,800 

3 

3 

8 

1*4 

2 l 4 

19 

2.38 

375 

825 

46 


450 

1,800 

3 

4 

8 

1*4 

2*4 

19 

2.38 

H31 

1,120 

34 

2 

1,100 

2,200 

3 

3 

8 

1*4 

2*4 

19 

2.38 

690 

1,380 

27 


740 

2,200 

3 

4 

8 

1 3 4 

2*4 

19 

2.38 

460 

1,380 

27 


430 

1,800 

4 

4} 2 

6 

2*4 

3 3 « 

18 

3.0 

355 

1,420 

25 

3 

1,000 

MIIIIII' 

3 

4 

8 

1*4 

2*4 

19 

2.38 

625 

1,250 

30 


660 


4 

4 > 2 

6 

2^4 

3\ 

18 

3.0 

520 

1,560 

23 


450 

1,800 

4* 2 

5 

6 

2»4 

3 a 4 

18 

3.0 

355 

1,422 

25 


375 

1,500 

5 

6 

U 

2«4 

3 3 „ 

18 

3.0 

294 

1,176 

30 

5 

1,000 

2,000 

4 

4h. 

6 

2*4 

3 3 s 

18 

3.0 

790 

1,580 

23 


750 

Hffltlt 

4*2 

5 

6 

2*| 

3H 

18 

3.0 

590 

1,180 

30 


600 

1,800 

5 

6 

6 

2«4 


18 

3.0 

470 

1,410 

25 


450 

1,800 

6 

7 

5 

3 

334 

18 

3.6 

425 

1,700 

21 


375 

■riili 

6 

7*2 

3 

3*2 

4*4 

18 

3.6 

355 

1,420 

25 

7 H 

900 


5 

6 

6 

2»4 

3*h 

18 

3.0 

705 

1,410 

25 

800 

Until 

5 

6 

5 

3 

3»4 

18 

3.6 

755 

1,510 

24 


600 


6 

7 

5 

3 

3 3 4 

18 

3.6 

570 

1,710 

21 


500 

Htitit 

6 

7} 2 

5 

3 1 ; 

4‘4 

18 

3.6 

475 

1,425 

25 


450 

1,800 

6*2 

9 

5 

332 

4*4 

19 

3.8 

450 

1,800 

21 


350 

1,400 

6 >2 

9 

3 

33*2 

4»4 

19 

3.8 

350 

1,400 

27 

10 

850 

1,700 

6 

7 

5 

3 

3*4 

18 

3.6 

800 

1,600 

22 


750 

1,500 

6 

7 

5 

3 

334 

4*1 

18 

3.6 

710 

1,420 

25 


600 

1,800 

6 

73-2 

5 

3*2 

18 

3.6 

570 

1,710 

21 


500 

1,500 

6>2 

9 

5 

3*4 

m 

19 

3 8 

500 

1,500 

25 


450 

1,800 

6*2 

9 

5 

3*£ 

19 

3.8 

450 

1,800 

21 


375 

1,500 

7 

8 

4 >2 

4 

5 

18 

4.0 

390 

1,560 

23 

15 

780 

1,560 

6*2 

9 

5 

3*2 

mijm 

19 

3 8 

780 

1,560 

24 


600 

1,200 

7 

8 

4 1 * 

4 

5 

18 

4.0 

KiMH 

1,260 

28 


500 

1,500 

7* 2 

9*2 

4h 

4 

5 

19 

4.22 

555 

1,665 

23 


400 

1,200 

8 

9 j 2 

4 

4*4 

4*4 

5*4 

18 

4.5 

470 

1,410 

25 


375 

1,500 

9 

MMm 

4 


18 

4.5 

440 

1,760 

20 

20 

650 

1,300 

7H 

9h 

43-2 

4 

5 

19 

4.22 

720 

1,440 

26 


550 

1,100 

8 

9h 

4 

4*4 

4*4 

$ 

18 

4.5 

645 

1,290 

28 


500 

1,500 

9 

10h 

4 

18 

4.5 

590 

1,770 

20 


400 

1,200 

10 

11 

3H 

4*1 

18 

5.53 

580 

1,740 

21 


300 

1,200 

12 

13 

3 

4*| 


15 

5.0 

390 

1,560 

19 

25 

550 

iiedKj 

9 

!0h 

4 

4*4 

5H 

18 

4.5 

645 

1,290 

28 


400 

BE® 

12 

13 

3 

4*1 

15 

5.0 

525 

1,575 

19 


300 

1,200 

12 y 2 

15 

3 

4*1 


18 

6.0 

470 

1,880 

19 

30 

550 

1,100 

SUHI 

11 

3*4 

4*| 


18 

5.53 

800 

1,600 

23 


350 

1,050 

12 >2 

15 

3 

4« 


18 

6.0 

550 

1,650 

22 


250 

IMIIIIO 

14 

18 

3 

4*2 


18 

6.0 

390 

1,560 

23 

40 

550 

1,100 

12 

13 

3 

4*4 


15 

5.0 

720 

1,440 

21 


350 

1,050 

12H 

15 

3 

4*4 


18 

6.0 

550 

1,650 

22 


250 

IHIlIt] 

16 

21 

3 

4*4 


19 

6.33 

415 

1,660 

23 

50 

500 

Hf.TiTdi 

12 H 

15 

3 

4*4 


18 

6.0 

790 

1,580 

23 


325 

975 

16 

21 

3 

4* 2 


H 

6.33 

540 

1,620 

23 


428. Gearing Definitions and Formulas. —A circle whose circumference 
passes through the point of contact on each tooth of a gear or pinion when 
this point is on the line connecting the centers of the two wheels is called 
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the pitch circle. The diameter of this circle is the pitch diameter, and its 
circumference is the pitch line. 

Diameter, when applied to gears, is always understood to mean the 
pitch diameter. 

Diametral pitch is the number of teeth to each inch of the pitch diam¬ 
eter. To illustrate: if a pinion has 18 teeth and the pitch diameter is 
3in., there are 6 teeth to each inch of the pitch diameter, and the diametral 
pitch is 6. 

Circular pitch is the distance from the center of one tooth to the center 
of the next, measured along the pitch line. 

In the following formulas, for use in gear problems: 


d l = pitch diameter of pinion 
d = outside diameter of pinion 
p — circular pitch 
p 1 = diametral pitch 
S ■» distance between centers 
* H(D l + d 1 ) 


D l = pitch diameter of gear 
D = outside diameter of gear 
n = number of teeth on pinion 
N = number of teeth on gear 

4 . N D l I) 

r = gear ratio = — = -rr = 

n d l a 


7T = 3.1416 


V 

II 

II 

ird 

n + 2 

(12) 

d 1 

2 S 

r Hhi 

(17) 

p l 

_ 7T 

" P ^ 

n +2 
d 

(13) 

l) 1 

2 Sr 
r + 1 

(18) 

n = d 1 ^ 1 

II 

= dp 1 - 2 

(14) 

n 

£1+ 
« v. 

II 

(19) 

V 1 

n 

“ d 1 


(15) 

N 

__ SSp 1 r 
r + I 

(20) 

S 

N + 

2 p 1 

n 

(16) 

S 

dHr + 1) 

2 “ 

(21) 


429. Gear and Belt Drives for Adjustable-speed Motors. —Table 426 
deals with constant-speed motors. Adjustable-speed motor problems 
are solved similarly. The belt speeds and pitch-line speeds must be 
carefully considered at the maximum speeds of the motors. The mini¬ 
mum pulleys and pinions are determined by the minimum speeds of the 
motors. Table 427 gives the ratings commonly used and pulley and gear 
information. 

430. The design of chains is more complicated than that of belts and 
gears and it is, therefore, best to let the various chain manufacturers 
specify the chain, giving them the necessary information. The minimum 
sprocket to be used on a motor is the same as the minimum pinion given 
in Table 426. Chain speed should not exceed 1,200 to 1,600 ft. per min. 
The best practice does not exceed 1,000 ft. per min. For factors that 
must be considered see Sec. 316. 
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MOTOR CIRCUITS 

431. The different component parts of a motor branch circuit are 

shown in Fig. 161. Each motor must be supplied with power by its own 
individual branch circuit except in certain special cases as described in 
Sec. 436. Switch Sb is the branch-circuit switch. It opens all wires 
of the branch circuit and provides a means of completely disconnecting 
the entire branch circuit from the source of power. The equipment 
indicated at P% is the branch-circuit overload protective device. It 
protects the wires of the branch circuit against overloads. The switch 
located at Sm is the motor switch, which opens all the wires to the motor 
and its controller. Sometimes it serves merely as a means of completely 
disconnecting the motor and its controller from the circuit. In this case 
the switch is not required to open the circuit under load. In other 
cases the motor switch serves also as the means of shutting down the 
motor and must be capable of breaking the circuit under load. The 
equipment indicated at Pz is the motor overload protective device, which 
protects the motor against excessive overloads. The motor controller is 
indicated at C. In some cases it is necessary or advisable to employ all 
the component parts shown in Fig. 161, I, while in other cases certain 
of the parts may be eliminated from the branch circuit. The require¬ 
ments for the component parts of motor branch circuits are discussed 
in the following paragraphs and illustrated in Figs. 161 and 162. 

432. The National Electrical Code rules definitely specify certain 
requirements with respect to the size and location of the component 
parts of motor branch circuits. The following tables and rules are in 
accordance with the 1940 edition of the Code. Certain cities have 
adopted motor wiring tables and rules which may be more exacting 
than those required by the Code. In such communities these local 
requirements should be followed in preference to the tables presented 
herein. 

433. Location of Motor Controllers.—The controller for a motor should 
be located as near as possible to the motor in order to make the length of 
the control wires between the controller and the motor as short as possible. 
The point from which the motor is controlled should be located as close 
as is feasible to the motor and its driven machinery and must at least be 
within sight of the motor and its driven machinery, unless special per¬ 
mission is obtained to locate it elsewhere. The control point should be 
located so that it will be in the most accessible location for the operator 
of the machine driven by the motor. In the case of manual controllers 
the location of the control point will be the same as the location of the 
controller. For magnetic controllers the location of the control point 
will be the point of location of the “start” and “stop” push buttons, 
which may or may not be the same as the location of the controller. 
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Pi — Overload Protective Device in Main. —May consist of fuses or circuit breaker. 


SB—Branch-circuit Switch. —Not required by National Electrical Code rules. When 
used, must have fuse clips large enough to accommodate fuses required at P%. If circuit 
breaker is used for branch-circuit overload protective device, it will serve double purpose 
of branch-circuit switch and overload protective device. 


L 


Branchw/ Branch — 

L w ihC/rcm/JV 'l * 




Circuit 




fr 

£ 


Wd 


P 2 —Branch-circuit Overload Protective Device. —May consist of fuses or circuit 
breaker. For maximum allowable rating of fuses or setting of circuit breakers refer to 

Tables 12, 13, and 14 of Div. 10. 

For protection of circuits supplying mo- 
fMams tors * ri classes of service having short-time 

duty refer to Sec. 437. 

SM —Motor Switch. —Must have a con¬ 
tinuous-duty rating of at least 115 per cent 
of the motor full-load current. For motors 
of 50 hp. and under, and for larger motors 
when controller does not open all un¬ 
grounded wires of the circuit, and for all 
cases when switch is used for shutting 
down the motor, switch must be of the 
motor-circuit type. A motor-circuit switch 
for a-c motors must be capable of safely 
interrupting six times the full-load current 
of the motor. A motor-circuit switch for 
d-c motors must be capable of safely inter- 
W z -j rupting four times the full-load current of 
the motor. The switch with autotrans¬ 
former starters should be of the motor- 
circuit type. If the switch is fused, the 
jjj fuse clipR must be large enough to accom¬ 
modate size of fuses required. Switch Sm 
Diagram III must be either located 


r*/S M [V 

*•1 Wi Sc 


W 2 J 


\ Motor 


Motor 


iin m mnwmnwmwitwh 

i n 


Fig. 161.—Single-line diagrams giving 

» it* . . - JJ1 l^iaK I »III XXX lllUOl UG GiUUGl lUGOtGU 

requirements for component parts of f , , 

, , A , within sight of the motor or arranged so 

branch motor circuits with branch- , .. ... 

. , , that it may be locked in the open position, 

circuit overload protection. .. * u * 

If switch Sw is of the two-throw or two- 

position type (Diagram II) for cutting the motor overload protective device out of the 
circuit during the starting period, the switch must be so arranged that it cannot be left 
m the starting position. If circuit breaker is used for motor overload protective device, 
it will serve the double purpose of motor switch and protective device. 


Pa— Motor Overload Protective Device.—May consist of fuses, thermal cutouts, 
thermal relays, magnetic relays, or circuit breaker. Rating or setting must not be 
greater than 125 per cent of the motor full-load current except when this value does not 
coincide with any standard rating. Then, the next larger standard size may be 
employed. The motor overload protective device is generally incorporated in the con¬ 
troller C and mounted inside the controller case. 


Wi—Branch-circuit Wires from Point of Connection to Main to Branch-circuit Over¬ 
load Protective Device. —If branch-circuit overload protective device is located at point 
of connection to main, the carrying capacity of wires must be at least 125 per cent of the 
motor full-load current. If the length L of the wires from the point of connection to the 
main to the branch-circuit overload protective device is 25 ft. or less, the carrying 
capacity of the wires must be at least one-third of the carrying capacity of the main. 
If the length L of the wires from the point of connection to the main to the branch-circuit 
overload protective device is greater than 25 ft., the wires must be of the same size as 
the main. 

Ws—Branch-circuit Wires from Branch-circuit Overload Protective Device to Motor. 

Must have carrying capacity of at least 125 per cent of motor full-load current. 
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Pj—Overload Protective Device in Mains. —May consist of fuses or circuit breaker. 
If motor overload protective device consists of thermal cutouts or thermal relays, the 
rating of the fuses or setting of the circuit breaker must not be greater than four times 
the full-load current of smallest motor unless the motor overload protective device is 
approved for group fusing. If the motor overload protective device is approved for 
group fusing the rating of the fuses or setting of circuit breaker must not exceed the 
maximum allowable rating marked on thermal cutout or thermal relay of smallest motor 
fed from main. 

If the motor overload protective devices are cut out during the starting period. Pi 
must consist of fuses rated or time-limit circuit breakers set at not more than 400 per 
cent of the full-load current of smallest motor so protected. 

SM—Combined Motor and Branch-circuit Switch.—Must have a continuouB-duty 
rating of at least 115 per cent of the motor full-load current. For motors of 50 hp. and 
under, and for larger motors when controller does not 
open all ungrounded wires of the circuit, and for all cases 
when switch is used for shutting down the motor, switch 
must be of the motor-circuit type. A motor-circuit 
switch for a-c motors must be capable of safely interrupt¬ 
ing six times the full-load current of the motor. A 
motor-circuit switch for d-c motors must be capable of 
safely interrupting four times the full-load current of the 
motor. The switch with autotransformer starters should 
be of the motor-circu’t type. If switch is fused, the fuse 
clips must be large enough to accommodate the size of 
fuses required. If switch is used for shutting down 
motor, switch must be located as close as possible to 
motor and its driven machinery, and in the most accessi¬ 
ble location for operator. If switch is not used for 
shutting down motor, it may be located remote from 
motor, provided it is either located within sight of motor 
or so arranged that it may be locked in the open position. 

If switch is of the two-position or double-throw type 
(Diagram II) for cutting the motor overload protective 
device out of the circuit during the starting period, the 
switch must be bo arranged that it cannot be left in the 
starting position. If circuit breaker is used for motor 
overload protective device, it will serve double purpose 
of switch and overload protective device. 

Ps—Motor Overload Protective Device.—May consist of fuses, thermal cutouts, 
thermal relays, magnetic relays, or circuit breaker. Rating or setting must not be 
greater than 125 per cent of the motor full-load current except when this value does not 
coincide with any standard rating, when the next larger standard size may be employed. 
The motor overload protective device is generally incorporated in the controller C and 
mounted inside the controller case. 

Wi—Branch-circuit Wires from Point of Connection to Main to Motor Overload 
Protective Device.—If motor overload protective device is located at point of connection 
to main, the carrying capacity of wires must be at least 125 per cent of the motor full¬ 
load current. If the length L of the wires is 25 ft. or less, the carrying capacity of the 
wires must be at least one-third of the carrying capacity of the main. If the length L 
of the wires is greater than 25 ft., the wires must be of the same size as the main. 

Ws—Branch-circuit Wires from Motor Overload Protective Device to Motor.—-Must 
have a carrying capacity of at least 125 per oent of motor full-load current. 



' Fig. 162 .—Single-line 
diagrams giving require¬ 
ments for motor circuits 
when branch-circuit over¬ 
load protective device is 
omitted. 
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484. Recommendations for Size of Time-lag Fuses for Motor Overload 

Protection 


(Bussmann Manufacturing Co.) 


Amp. of motor 
or device 

Usual hp. of motors 

Amp of fusetron 

Single 

phase 

Three phase 

Two phase 

Duett 

current 

Ordi¬ 
nary 
st rv- 

ice 

Heavy 

serv¬ 

ice 

Max. 

110 

V. 

220 

V 

208 

V 

220 

V. 

440 

V 

550 

V 

220 

V. 

440 

V. 

e 

230 

V 

550 

V 

1 01- 

1 05 






ijj 






1 

1 25 

1 6 

1 06- 

1 12 






to 


to 

to 



1 25 

1 25 

1 6 

1 13- 

1 28 








to 




1 25 

1 6 

1 6 

1 29- 

1 40 





to 

1 


1 



/4 

1 6 

1 6 

2 

1 41- 

1 60 





to 







1 b 

2 

2 

1 61- 

1 68 












1 6 

2 

2 5 

1 09- 

1 80 


to 



1 






1 

2 

2 

2 5 

1 81- 

2 00 






lto 


lto 




2 

2 5 

2 5 

2 01- 

2 10 












2 

2 5 

3 2 

2 11- 

2 25 


l, 





to 





2 5 

2 5 

3 2 

2 26- 

2 5b 

to 

to 


to 

lto 

2 

to 


to 

to 


2 5 

3 2 

3 2 

2 67- 

2 88 



to 

to 






lto 

3 2 

3 2 

4 

2 89- 

3 20 

to 




2 


l 

2 

to 



3 2 

4 

4 

3 21- 

3 35 

to 



1 






to 


3 2 

4 

5 

3 36- 

3 6 


to 

1 








2 

4 

4 

5 

3 61- 

4 0 






3 

lto 

3 




4 

5 

5 

4 01- 

4 2 










1 


4 

5 

6 25 

4 21- 

4 5 

H 




3 




to 



5 

5 

6 25 

4 51- 

5 0 

H 


lto 

lto 



2 




3 

5 

6 25 

6 25 

5 01- 

5 2 

to 











5 

6 25 

8 

6 21- 

5 6 

to 

l 










6 25 

6 25 

8 

5 61- 

6 4 



2 

2 


5 




lto 


6 25 

8 

8 

6 41- 

7 2 

to 







5 

to 



8 

8 

10 

7 21- 

8 0 

to 

lto 



5 


3 





8 

10 

10 

8 01- 

8 4 


ito 







i 

2 

5 

8 

10 

12 

8 41- 

9 0 

H 



3 




7to 




10 

10 

12 

9 01- 

9 6 

% 

2 

3 



7to 






10 

12 

12 

9 Ol- 

10 5 


2 










10 

12 

15 

IO 6 - 

12 0 

1 

2 



7to 

10 


10 



7to 

12 

15 

15 

12 1 - 

12 6 

1 









3 


12 

15 

20 

12 7 - 

13 5 


I 





5 





15 

15 

20 

13 6 - 

15 7 


3 


5 

10 







15 

20 

20 

15 7 - 

16 0 

lto 


5 



15 


15 



10 

20 

20 

20 

16 1 - 

18 0 












20 

20 

25 

18 1 - 

20 0 

2 




15 


7to 



5 


20 

25 

25 

20 1 - 

21 0 






20 






20 

25 

30 

21 1 - 

22 5 




7to 








25 

25 

30 

22 6 - 

24 0 


5 

7 to 



10 

20 



15 

25 

30 

30 

24 1 - 

26 1 



1 

20 

25 






25 

30 

35 

26 2 - 

27 3 




|i° 








30 

30 

35 

27 4 - 

28 








25 




30 

35 

35 

28 1 - 

31 3 



10 







7H 

20 

30 

35 

40 

31 4 - 

32 





25 

30 





35 

35 

40 

32 1 - 

36 







15 

30 




35 

40 

45 

36 1 - 

36 6 












35 

40 

50 
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Recommendations for Size of Time-lag Fuses for Motor Overload 
Protection ( Continued) 


Amp of motor or 
device 

Usual hp of motors 

Amp of fusetron 


Thre< phase 


Two phase 

Direct 

current 

Ordi 

nary 

serv 

ice 

Heavy 

serv 

ice 

Max 

208 

V 

220 

V 

440 

V 

550 

V 

220 

V 

440 

V 

230 

V 

550 

V 

36 7 

40 

15 

16 

30 

40 



10 

25 

40 

45 

50 

40 1 

42 









40 

50 

60 

42 1 

45 





20 

40 


30 

45 

50 

60 

46 1 

47 









45 

60 

60 

47 1 

48 









50 

60 

60 

48 1 

52 


20 

40 

50 





50 

60 

70 

52 1 

56 

20 




25 

50 

15 


60 

60 

70 

56 1 

62 



50 

60 




40 

60 

70 

80 

62 1 

64 









70 

70 

80 

64 1 

72 

25 

25 


75 

30 

60 



70 

80 

90 

72 1 

80 


30 

60 



75 

20 

50 

80 

90 

100 

80 1 

84 

30 








80 

100 

110 

84 1 

88 





40 




90 

110 

110 

88 1 

90 



75 

| 




60 

90 

100 

125 

90 1 

94 






| 

25 


90 

110 

125 

94 1 

100 




100 


! 



100 

110 

125 

100 1 

104 


40 







100 

125 

150 

104 1 

113 

40 




50 

100 

30 

75 

110 

125 

150 

113 1 

120 ! 









125 

150 

150 

120 1 

130 


50 

100 

I 

125 

60 




125 

150 

175 

130 1 

135 

50 


1 



125 



150 

150 

175 

135 1 

140 









150 

175 

175 

141 

156 


60 

125 

150 

75 

150 j 

40 

100 

150 

175 

200 

157 

-160 

60 








175 

200 

200 

161 

180 


75 

150 




50 


175 

200 

225 

181 

200 

75 



200 




125 

200 

225 

250 

201 

208 






200 

1 


200 

250 

300 

20 i 

227 





100 


60 

150 

225 

250 

300 

228 

234 









22o 

300 

300 

215 

240 



200 






250 

300 

300 

241 

260 

100 

100 

| 






250 

300 

350 

261 

280 



I 


125 


75 

200 

300 

300 

350 

281 

312 



I 






300 

350 

400 

313 

320 


125 

1 


150 




350 

400 

400 

321 

360 

125 

150 





100 


350 

400 

450 

361 

400 

150 


| 






400 

450 

500 

401 

-450 





200 


125 


450 

500 

600 

451 

-480 



1 






500 

600 

600 


Figures given above are only approximate See name-plate rating on motor Horsepower of motor 
gives no definite mdi< ation of size of time lag fuse to be used as amperage of a-c motors of tbe same sue 
vanes a great deal 


435. Overload Protection of Continuous-duty Motors.—Each con¬ 
tinuous-duty motor must be protected against excessive overloads under 
running conditions by some approved protective device. This protective 
device, except for motors rated at more than 600 volts, may consist of 
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thermal cutouts, thermal relays, thermal release devices, or magnetic 
relays in connection with the motor controller, fuses, or time-limit circuit 
breakers. For all continuous-duty motors rated at more than 1 hp., 
except for certain cases of refrigeration motors, the rating or setting of 
the protective device must not be greater than 125 per cent of the full¬ 
load current rating of the motor. If this size does not coincide with any 
standard size, the next larger standard size may be used, provided that 
its rating does not exceed 150 per cent of the full-load current of the 
motor. For a motor rated at not more than 5 hp. and specially designed 
and used as a part of approved refrigeration equipment, the rating or 
setting of the protective device must not exceed 140 per cent of the full¬ 
load rated current of the motor. If the rating of the branch-circuit 
overload protective device is not greater than 125 per cent of the full-load 
current of the motor, no additional overload protection is required for 
the motor. 

For motors rated at more than 600 volts the motor protective devices 
must consist of an oil circuit breaker, or of approved overcurrent units 
integral with the controller, which shall simultaneously open all 
ungrounded conductors to the motor. 

The National Electrical Code allows motors of 1 hp. or less to be pro¬ 
tected against overload by the following means: 

1. Manually started motors which are in a location within sight of the 
operator or all motors so designed that they cannot overheat because of 
overloads or failure to start may be protected by the overload protective 
device required for the protection of its individual branch circuit as 
described in Sec. 440. 

2. Automatically started motors (and manually started motors not 
within sight of the operator) of to 1-hp. size may be protected by a 
device rated at not more than 140 per cent of the full-load rated current 
of the motor. The overload protective device must have sufficient time 
delay to permit the motor to start and accelerate its load. 

3. Automatically started motors of to 1 hp. which form part of an 
approved assembly which does not normally subject the motor to over¬ 
loads and which is equipped with other safety controls (such as the 
safety-combustion oil burner) may be protected simply by the safety 
controls of the assembly. 

4. Automatically started motors of less than hp. may be protected 
by the overcurrent protective device of the branch circuit supplying them. 

If regular fuses are used for the overload protection of a motor, the 
fuses will have to be shunted during the starting period, since a regular 
fuse having a rating of 125 per cent of the motor full-load current would 
be blown by the starting current. Many cases of d-c-motor and some 
wound-rotor-induction-motor installations will be an exception to this 
rule. Except for these exceptions it is not common practice to use regular 
fuses for the overload protection of motors. Time-lag fuses may be 
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satisfactorily employed for the overload protection of motors, since ones 
rated at 125 per cent of the motor full-load current will not be blown 
by the starting current for ordinary conditions of motor service. In fact 
the manufacturers of these fuses recommend that, for ordinary service, 
fuses of a smaller rating than 125 per cent of the motor full-load current 
be employed. These recommendations are given in Sec. 434. Typical 
heavy service conditions for use of the table are: 

1. Motors slightly overloaded. 

2. Motors with severe starting conditions, such as large fans, com¬ 
pressors, etc. 

3. Motors which are started frequently or reversed quickly. 

4. Motors which have the protective time-lag fuses located in places 
where high ambient temperatures prevail. 

For extremely severe conditions the values of the last column should 
be used. They will meet the Code requirements for motor protection. 
For fractional-horsepower motors, time-lag fuses mounted directly on 
the motor, as discussed in Div. 4, will often be found advantageous. 

If time-lag fuses of a rating not exceeding that of the last column of 
Sec. 434 are employed for the protection of a motor branch circuit, no 
additional motor overload protection will be required, the one set of 
fuses satisfying the requirements for both branch-circuit and motor 
overload protection. 

Direct-current motors under ordinary conditions of service will not 
require a starting current of such value that it would blow regular fuses 
rated at 125 per cent of the motor full-load current. Standard manual 
starters for d-c motors are equipped with a starting resistance of a value 
which will limit the starting current on the first step to 150 per cent of 
the motor full-load current. This current for the normal duration of the 
starting period would not blow a fuse rated at 125 per cent of the full-load 


current. For ordinary 
conditions of service, 
therefore, it is common 
practice to employ reg¬ 
ular fuses for the pro¬ 
tection of d-c motors. 
In many cases what has 
been said for d-c motors 
will hold true for wound- 
rotor induction motors. 


In some cases i 
overload protection^ 
may be required' J 
on individual 
motors 
(See Sec.436) 


Protection in mains must not 
’be greater than IS amperes 
at 125 volts, or 
10 amperes at 250 volts 

y No 14 wire or larger 
Tl - X^Tap c/rci n ts 


J , Motors - Full load 
f current not greater 
| than 6 amperes 


436. Several Motors 
on One Branch Circuit. 
Two or more small 


Fig. 163. —Single-line diagram showing several 
small motors supplied from a common motor 
branch circuit. 


motors, when the full-load current of any individual motor does not 


exceed 6 amp., may be supplied from a common branch circuit under the 


following conditions: 
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1. On a 125-volt branch circuit supplying only motors and protected 
at not more than 15 amp. (Fig. 163) 

2. On a 250-volt branch circuit supplying only motors and protected 
at not more than 10 amp. (Fig. 163). 

3. On 15-, 20-, and 25-amp. branch circuits supplying lamps and/or 

other appliances (Fig. 


Protection in branch 
Appliances £ according to carrying 
and lamps J f capacity of wires but not 

may also be f* greater than 25 amperes 

sTmebt^ch L, , ( NoMmrcor la rger 

I I y Tap circuits 
In some cases A 
overload protection 



Motors-Fu/i ioad 


may be required 
on individual 

(5eeslc.436) 


current not greater 
than 6 amperes 


164). 

If the overcurrent 
protective device of the 
branch circuit meets the 
requirements of Sec. 436, 
the individual motors 
will be considered as 
protected against over¬ 
load by these branch- 


Fm 164. — Single-line diagram show mg several circuit overcurrent 
small motors supplied from an appliance branch protective devices, 
cncuit. Otherwise, each motor 

must be supplied with individual overload protection. It is good practice 
to provide individual overload protection on any motor that is larger in 
size than hp* 

437. Overload Protection of Short-time-duty Motors.—The National 
Electrical Code does not require any motor oveiload protective device 




I. II. 

Fio. 165. —Methods of mounting theimostats foi thonnoguaid motois. 
(I) Thermostat mounted on winding (II) Thcimostat mounted in base 
of motor frame. (Westinghousc Electric & Manufacturing Co.) 

for motors in classes of service having short-time, intermittent, periodic, 
or varying duty. According to their rules, motors in these classes of 
service are considered as sufficiently protected by the branch-circuit 
overload protective device, provided that the branch-circuit protection 
does not exceed the percentage of full-load current given in Tables 13 
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and 14, of Div. 10. It is best practice, however, to protect the motor 
with a thermal or inverse-time-limit magnetic overload device. 

438. Thermoguard motors (Westinghouse Electric & Manufacturing 
Co.) are equipped with a Built-in Watchman which is mounted directly 
in the motor. The Watchman consists of a thermostat which when 
heated above a certain temperature opens two small contacts within the 
enclosing case of the thermostat. The thermostat is mounted on the 
windings or stator iron of a motor. The contacts are provided with 


D-c Faceplate 
|F, A, Lj L 2 | 



D« Thermostat 

h 


I For disconnecting d c 
faceplate starter 



J wire button 
Start Stop 


• ? wire button 

\ or master switch 

Purchaser's connection 
Thermostat leads 
" Thermostat- 
H Tor disconnecting a c ord c magnetic starter 



HOv lighting 
Jnd light circuit 


Bell alarm 


Resistor tube 
(when required) 
Purchasers connection 
Thermostat 
ID* For operating indicating light 
Lamp I ights when thermostat operates 


Thermostat 


IY Thermostat connected in 
series with lamp in lighting 
circuit Lamp goes out when 
thermostat operates 


Light or power 
circuit 


[Motor\ 


Thermostat 


-Resistor 


V- Thermostat connected to belt 
alarm (horn or light) Bell rings 
when thermostat operates 


Fio. 100. —Connections foi thermostats of thermoguard motors. 

house Electric & Manufacturing Co.) 


( Westing- 


leads so that they may be connected in a control circuit in a manner that 
w ill cause the controller to disconnect the motor or give a warning signal 
when the thermostat operates because of overheating of the motor 
(Fig. 160). The manner of mounting the thermostat is shown in Fig. 
165. Thermoguard motors must be equipped with an additional overload 
protective device in the normal manner. The thermoguard device does 
give additional protection against overheating of the motor due to the 
following causes: 

1. Too frequent starting. 

2. Frequent \y repeated overloads. 

3. High room temperatures. 

4. Abnormal voltage. 

5. Vontilation failure. 

488A. Motor Switches. —Each motor with its controller must be 
provided with some form of approved manual disconnecting means, as 
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at Sm in Figs. 161 and 162. This disconnecting means, when in the open 
position, must disconnect both the controller and the motor from all 
ungrounded supply wires. It must be of a type which will plainly 
indicate whether it is in the open or closed position. For motors rated 
at not more than 600 volts it may consist of a manually operated air- 
break switch, manually operated circuit breaker, or a manually operated 
oil switch. An oil switch used for this purpose must not, except with 
special permission, have a rating greater than 100 amp. The oil switch 
or circuit breaker may be equipped for electrical operation in addition 
to the hand mechanism. For motors rated at more than 600 volts, the 
equipment required for the branch-circuit protection will constitute 
the disconnecting means. 

No additional switch is required with most types of manual across-the- 
line starters, since their switch acts as the disconnecting means. All 
magnetic types of starters and controllers must be provided with a switch 
ahead of the starter. All autotransformer starters require a separate 
disconnecting switch ahead of the starter. 

If a time-limit manual circuit breaker is employed for the overload 
protection of the motor, it will serve as the disconnecting switch, pro¬ 
vided that it opens all ungrounded wires of the circuit. If fuses are used 
for the overload protection of the motor and the starting current of the 
motor is greater than 125 per cent of motor full-load current, a double¬ 
throw or a two-position switch will be required in order to short-circuit 
the running fuses during the starting period as at II in Figs. 161 and 162. 
This switch must be of such a type that it cannot be left in the starting 
position. 

The motor switch must be a motor-circuit switch or a circuit breaker 
except under the following conditions: 

1. When the motor rating is more than 50 hp., and the switch is not 
to be used for shutting down the motor, the motor switch may be an 
isolating switch. (In this case, the switch should be plainly marked “ Do 
not open under load.”) 

2. For stationary motors of % hp. or less the branch-circuit overload 
device may serve as the disconnecting means. 

3. For stationary motors of 2 hp. or less operating at not more than 
300 volts, a general-use switch having an ampere rating at least twice the 
full-load-motor-current rating may be used. 

4. For portable motors an attachment plug and receptacle may serve 
as the disconnecting means. 

A general-use switch is intended for use as a switch in general distri¬ 
bution and branch circuits. It is rated in amperes and is capable of 
interrupting its rated current at its rated voltage. 

An isolating switch is intended simply for isolating a circuit from its 
source of power. It is to be operated only when the circuit has been 
opened by some other means. 
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A motor-circuit switch is intended for use in a motor branch circuit 
and is rated in horsepower. See Sec. 431. 

A motor-circuit switch for a-c motors is a switch which can safely 
interrupt six times the full-load current of the motor. A motor-circuit 
switch for d-c motors is a switch which can safely interrupt four times the 
full-load current of the motor. 

A motor switch must have a continuous rating of at least 115 per cent 
of the full-load current of the motor. If a fused switch is used, it must be 
large enough to accommodate the size of fuses employed. 

If the motor switch is used for shutting down the motor, it should be 
located as close as possible to the motor and its driven machinery, and 
in the most accessible location for the operator. If the motor switch is 
not used for shutting down the motor but simply as a disconnecting 
means, it may be located at any convenient point, provided it either is 
within sight of the motor or may be locked in the open position. Under 
these conditions one switch may be employed, if desired, to serve the 
double purpose of motor- and branch-circuit switch as shown at Sm in 
III of Fig. 161. 

439. Under the following conditions the National Electrical Code rules 
will allow a single switch to be provided for a group of motors if the 
motors are rated at not more than 600 volts: 

1. Motors which driye the several parts of a single machine or appa¬ 
ratus, such as cranes, hoists, and metal and woodworking machines. 

2. Groups of small motors under the protection of one set of automatic 
overload protective devices, as permitted by the Code rules (see 
Sec. 436). 

3. Groups of motors in a single room within sight of the disconnecting 
means. 

440. Branch-circuit Protection.—The wires of motor branch circuits 
must be protected against overload by means of some protective device 
located at the point where the branch-circuit wires are connected to the 
main, as at location P 2 in Fig. 161. The National Electrical Code rules, 
however, allow the size of these branch-circuit overload protective 
devices for continuous-duty motors to be considerably greater than the 
allowable carrying capacity of the wires. This is for the purpose of 
allowing the passage of the starting current without the employment of 
excessively large conductors. 

With this practice the motor overload protective device will protect 
against overloads of moderate severity, and the branch-circuit protective 
device will protect against short circuits. The recommended maximum 
rating of fuses and setting of circuit breakers for motor branch circuits, 
except for some special applications, are given in Tables 12, 13, and 14 of 
Div. 10. These ratings and settings are the maximum recommended 
values, when the carrying capacity of the branch-circuit wires is 125 per 
cent of the full-load current of the motor. 
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The National Electrical Manufactured Association (N.E.M.A.) has 
adopted a standard of identifying code letters that may be marked by the 
manufacturers on motor name plates to indicate the motor kilovolt¬ 
ampere input with locked rotor. These code letters with their classifica¬ 
tion are given in Table 12 of Div. 10. At the time of this writing the 
code letters have not been classified with respect to the types of motors to 
which each will normally apply. In determining the starting current to 
employ for circuit calculations, use values from Table 13 of Div. 10 
if the motor name plate is marked with the N.E.M.A. identifying code 
letter; otherwise, use values from Table 14 of Div. 10. 

Although the branch-circuit overload protective device must pass the 
starting current of the motor, it is not necessary that the rating of the 
overload protective device be as great as the maximum value of the start¬ 
ing current of the motor. Owing to the time-lag characteristics of fuses 
or time-limit circuit breakers, the starting current, which lasts for only a 
short time, will not rupture fuses or operate time-limit circuit breakers of 
a considerably smaller rating than the maximum value of the starting 
current. The percentage of the maximum starting current that fuses 
must be rated for, or time-limit circuit breakers set for, in order that the 
starting current will not open the circuit, depends upon the frequency 
and duration of the starting periods. Under ordinary starting condi¬ 
tions, fuses rated, or time-limit circuit breakers set at, from 50 to 67 per 
cent of the maximum starting current will allow the passage of the start¬ 
ing current. Branch motor circuits protected according to the per¬ 
centages of the full-load currents given in Tables 12, 13, and 14 of Div. 10 
will allow the passage of the starting current for ordinary starting service. 
When it is found that the maximum rating or setting of the motor branch- 
circuit protective device recommended in these tables is not large enough 
to allow the motor to start, the authority enforcing the Code may permit 
a sufficient increase in the rating or setting of the protective device to 
allow the motor to start. In no case shall the rating or setting of the 
protective device exceed 400 per cent of the full-load current of the motor. 

Either fuses or circuit breakers may be employed for the protection of 
motor branch circuits for motors rated at not more than 600 volts. 

When circuit breakers are used on a-c motor branch circuits, they must 
be of the time-limit type. On d-c motor branch circuits, circuit breakers 
may be of either the instantaneous or the time-limit type. 

It is often not convenient or practicable to locate the branch-circuit 
overload protective device directly at the point where the branch-circuit 
wires are connected to the main. In such cases the size of the branch- 
circuit wires between the mains anci the branch-circuit protective device 
must be the same size as the mains, unless the length of these wires is not 
greater than 25 ft. When the length of the branch-circuit wires between 
the main and the branch-circuit protective device is not greater than 
25 ft., the Code rules allow the size of these wires to be such that they 
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have a carrying capacity of only one-third of the carrying capacity of the 
mains (see Fig. 161) if they are protected against mechanical injury. 

In certain cases the branch-circuit overload protective devices may be 
entirely omitted. If the branch-circuit overload protective devices are 
omitted, the motor overload protective device must be located at the 
point where the branch-circuit wires are connected to the mains; or 
the branch-circuit wires between the mains and the motor overload 
protective device, if longer than 25 ft., must be of the same size as the 
main; or the branch-circuit wires between the main and the motor over¬ 
load protective device, if not longer than 25 ft., must have a carrying 
capacity of at least one-third of the carrying capacity of the main. 
If the motor overload protective device is shunted out during the starting 
period, the main must be protected by fuses rated at or a circuit breaker 
set at not more than 400 per cent of the full-load rated current of the 
motor. 

If the motor overload protective device consists of thermal cutouts or 
thermal relays, the main must be protected by fuses rated at or circuit 
breakers set for not more than four times the full-load current of the 
smallest motor fed from the circuit unless the motor overload protective 
device is approved for group fusing. If the motor overload protective 
device is approved for group fusing, the overload protection of the main 
must not exceed the maximum allowable value as stamped on the motor 
overload protective device. Some motor overload protective devices are 
approved for use with main or feeder fuses as large as 100 amp. 

Motor branch circuits for motors rated at more than 600 volts and not 
more than 7,500 volts must be protected against overcurrent by oil 
circuit-breakers or fuses. The fuses must be of the oil-filled or other 
approved type. Fuses of greater than 300 amp. rating should not be 
used on circuits with a maximum voltage to ground of from 600 to 
2,500 volts, and fuses of greater than 100-amp. rating should not be 
used on circuits with a maximum voltage to ground greater than 
2,500 volts. 

441. Branch-circuit Switches.—The National Electrical Code rules do 
not require a switch to be located on the line side of the overload pro¬ 
tective device, as at Sb in Fig. 161, unless there is no switch located as at 
Su in Fig. 161, I. When there is no switch located at Sm a switch must 
be located at 8b in order to serve as a motor switch (see Sec. 438A). If 
a circuit breaker is employed for the branch-circuit overload protection 
it will serve as both a switch and an overload protective device. Although 
not required, a branch-circuit switch is very convenient. It provides a 
means of disconnecting the entire branch circuit from the supply. Wlien 
such a switch is not provided, the fuses must be removed from the circuit 
when the circuit is live. For this reason it is recommended that a 
branch-circuit switch be provided on all circuits operating at a voltage 
greater than 220 volts unless a safety-fuse type of panel is used (see 
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Sec. 97, Div. 4). The branch-circuit switch must have fuse clips large 
enough to accommodate the branch-circuit fuses, as required by Sec. 
440, and Tables 13 and 14 of Div. 10. 

442. Size of Wire for Motor Branch Circuits.—The wires of branch 
circuits supplying continuous-duty motors must have a carrying capacity 
of at least 125 per cent of the full-load rated current of the motor. The 
size of the wires of motor branch circuits supplying motors in short-time- 
duty service must be different from that required for continuous-duty 
motors. In most cases the carrying capacity of the wires need not be 
greater than the percentages of the full-load current of the motor given 
in Table 10 of Div. 10. 

The wires between the slip rings and the controller of a wound-rotor 
induction motor must have a carrying capacity of at least 125 per cent 
of the full-load secondary current of the motor for continuous-duty 
motors. For other than continuous-duty motors the carrying capacity 
of the wires must be not less than the percentages of full-load secondary 
currents as given in Table 10 of Div. 10. The wires between the second¬ 
ary controller and the resistance of a wound-rotor induction motor 
must have a carrying capacity which is not less than the percentages 
of the full-load secondary current of the motor given in Table 11 of 
Div. 10. 

If the length of the tap between the feeder or main and the branch- 
circuit protective devices is not over 5 ft. long and is protected against 
mechanical injury by conduit, electrical metallic tubing, or metal gutters, 
the tap from the feeder or main to the protective devices may be of the 
same size as the branch-circuit conductors. 

443. Remote-control Circuits.—Control or operating circuits for mag¬ 
netic controllers or switches should be connected to the load side of the 
motor-disconnecting switch so that there is a means of disconnecting them 
from all source of supply, unless a separate switch is used for the control 
circuit. If a transformer or other device is used to obtain a reduced 
voltage for control circuits, the device should be connected to the load 
side of the motor-disconnecting means. 

The conductors of these control circuits will be considered as properly 
protected by the motor branch-circuit over current protective devices 
under any one of the following conditions: 

1. If the rating or setting of the branch-circuit overcurrent device is 
not more than 500 per cent of the carrying capacity of the control-circuit 
conductors. 

2. If the controlled device and the point of control (start and stop 
buttons, pressure switch, thermostatic switch, etc.) are both located on 
the same machine and the control circuit does not extend beyond the 
machine. 

3. If the opening of the control circuit would create a hazard; as, for 
example, the control circuit of pump motors, etc. 
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If any one of the above conditions is not fulfilled, then the conductors 
of the control circuits should be protected by a protective device rated 
or set at not more than 500 per cent of their carrying capacity. 

444. Overload Protection Of Motor Mains and Feeders. —Motor mains 
or feeders may be protected by either fuses or circuit breakers. Feeder 
or main conductors must have a carrying capacity not less than 125 per 
cent of the full-load rated current of the largest motor plus the sum of 
the full-load rated currents of the rest of the motors. The rating of the 
fuses or the setting of circuit breakers protecting such circuits must not 
be greater than the rating or setting specified in Tables 13 and 14 of 
Div. 10 for the largest motor plus the sum of the full-load currents of all 
the rest of the motors. 

In cases where a demand factor is allowed by the authority enforcing 
the National Electrical Code, the size of the conductors and the setting 
of the protective devices may be reduced in accordance with the formulas 
given in Div. 3, Sec. 61. In using these formulas the size of wire is 
determined from the running current, as computed from formula (17), 
and the size of protective device is determined from the starting current, 
as computed from formula (16). 

446. Motor-wiring Tables.—The size of circuit conductors and the 
rating or setting of protective devices should be based on the actual 
full-load currents of the particular motors employed. The data given 
in Tables 35 and 36 of Div. 10 for the sizes of the different component 
parts of motor branch circuits have been made up in accordance with 
the rules of the 1940 edition of the National Electrical Code from average 
values of motor full-load currents. 

The difference between the actual full-load current and the average 
value given in the tables may in some cases affect slightly the size of the 
conductors and protective devices. The tables will be found very useful 
in cases where it is necessary to design or estimate an installation before 
the actual full-load currents of the motors are known. Before an 
installation is made, the component parts of the motor branch circuits 
should be computed from the actual full-load currents of the motors, and 
these values checked against those employed in the design as taken 
from the following tables. If the wiring is to be done in a locality which 
has adopted local motor-wiring tables of its own, the tables of that 
particular district should be adhered to instead of the values given here. 
The values for the sizes of wires given in the tables are the minimum 
sizes allowed by the Code. They do not take into account voltage drop 
in the circuit. For long circuits the voltage drop should be computed in 
order to determine whether the size of wire should be increased so as to 
keep the voltage drop within an allowable amount (see Div. 3). 
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CONSTRUCTION, TYPES, AND CHARACTERISTICS 


1. A transformer is an apparatus for converting electrical power in 
an a-c system at one voltage or current into electrical power at some other 
voltage or current without the use of rotating parts. 

2. A constant-potential transformer (Fig. 1) consists essentially of 
three parts: the primary coil which carries the alternating current from 
the supply lines; the core of magnetic material in which is produced an 
alternating magnetic flux; and the secondary coil in which is generated 
an e.m.f. by the change of magnetism in the core which it surrounds. 



Sometimes the transformer may have only one winding, which will serve 
the dual purpose of primary and secondary coils. 

The high-tension winding is composed of many turns of relatively fine 
copper wire, well insulated to withstand the voltage impressed on it. 
The secondary winding is composed of few turns of heavy copper wire 
capable of carrying considerable current at a low voltage. 

3. Transformer Terminology. —The primary winding is the winding 
of the transformer which is connected to the source of power. It may 
be either the high- or the low-voltage winding, depending upon the appli¬ 
cation of the transformer. 

The secondary winding is the winding of the transformer which delivers 
power to the load. It may be either the high- or the low-voltage winding, 
depending upon the application of the transformer. 

The core is the magnetic circuit upon which the windings are wound. 

The high-tension winding is the one which is rated for the higher 
voltage. 

The low-tension winding is the one which is rated for the lower 
voltage. 
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A step-up transformer is a constant-potential transformer so connected 
that the delivered voltage is greater than the supplied voltage. 

A step-down transformer is one so connected that the delivered voltage 
is less than that supplied; the actual transformer may be the same in 
one case as in the other, the terms step-up and step-down relating merely 
to the application of the apparatus. 

4. Transformer Cores.—Until recently all transformer cores were made 
up of stacks of sheet-steel punchings firmly clamped together. One 



Fig. 2.—Assembly of transformer-core laminations. (Wagner Electric CorpJ) 

method of assembly and clamping of the sheets is shown in Figs. 2 and 3. 
Sometimes the laminations are coated with a thin varnish in order to 
reduce eddy-current losses. When the laminations are not coated with 
varnish, a sheet of insulating paper is inserted between laminations at 
regular intervals. 

A new type of core construction has been developed by the General 
Electric Co. and is known as Spirakore. Each core consists of a con¬ 
tinuous strip of silicon steel which is wound in a tight spiral around the 
insulated coils and firmly held by spot-welding at the end. The core 
and windings of a Spirakore transformer are shown in Fig. 4. This type 
of construction reduces the cost of manufacture and reduces the power 
loss in the core due to eddy currents. 
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Fig. 3.—Transformer assembly. (Wagner Electric Corp ) 



Fig. 4. —Assembled core and coils, without clamps, for wound-core distribu¬ 
tion transformer. {General Electric Co.) 
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5. Classification of Transformers. 

1. According to method of cooling. 

a. Self-air-cooled. 

b. Air-blast-cooled. 

c. Liquid immersed, self-cooled. 

d. Oil immersed, combination self-cooled and air blast. 

e. Oil immersed, water-cooled. 

/. Oil immersed, forced-oil-cooled. 

g. Oil immersed, combination self-cooled and water-cooled. 

2. According to insulation between windings. 

а. Windings insulated from each other. 

б. Autotransformers. 

3. According to number of phases. 

a. Single phase. 

6. Polyphase. 

4. According to method of mounting, 
o. Pole and platform. 

b. Subway. 
r.. Vault. 
d. Special. 

5. According to purpose. 

a. Constant potential. 

b. Varying potential. 

c. Current. 

d. Constant current. 

6. According to service. 

a. Large power. 

b. Distribution. 

c. Small power. 

d. Sign lighting. 

e. Control and signaling. 

/. Gaseous-discharge-lamp transformers. 

g. Bell ringing. 

h. Instrument. 

i. Constant current. 

j. Series transformers for street lighting. 

6 . Cooling of Transformers. — A certain amount of the electrical 
energy delivered to a transformer is transformed into heat energy due to 
the resistance of its windings and to the hysteresis and eddy currents in 
the iron core. Means must be provided for removing this heat energy 
from the transformer and dissipating it into the surrounding air. If 
this is not done in a satisfactory manner, the transformer would operate 
at an excessively high temperature, which would destroy or harm the 
insulation of the transformer. The different methods of cooling employed 
are listed in Sec. 5 and briefly described on pages 885 and 886. 
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I. With grating in cover to aid cir- II. With solid metal casing, 

culation of air around element. 

Fig. 5.— Seif-air-cooled transformers. (Waytier Electric Corp.) 



Fig. 6.—Longitudinal Fig. 7.—Exterior view of 

section of air-blast tranB- 1,330 kva. air-blast transformer, 

iormer, showing direction showing the sheet steel casing, 

of air currents. 
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In self-air-cooled transformers (Fig. 5) the windings are simply sur¬ 
rounded by air at atmospheric pressure. The heat is removed by 
natural convection of the surrounding air and by radiation from the 
different parts of the transformer structure. This method is satisfactory 
only for units of relatively small power capacity. It is employed for 
units up to 50 kva., single phase, with voltages up to 2,400. 

In air-blast-cooled transformers (Figs. 6 and 7) the core and windings 
are enclosed in a metal enclosure through 
which air is circulated by means of a 
blower. This method has been used for 
large power transformers in ratings up to 
15,000 kva. with voltages not exceeding ^ ^ j 

35,000. f 


—. 


4 

1 




Fig. 8. —Small distribution 
transformer with smooth tank, 
equipped with hangers for pole 
mounting. (Maloney Electric 
Co.) 


Fig. 9. — Medium-sized 
transformer (large subway- 
distribution type) with cor¬ 
rugated tank. (Maloney Elec¬ 
tric Co.) 


In liquid-immersed, self-cooled transformers, the core and windings 
are immersed in some insulating liquid and enclosed in a metal tank. 
The liquid, in addition to providing some of the required insulation 
between the windings, carries the heat from the core and windings to the 
surface of the tank. The heat is then removed into the surrounding 
atmosphere by natural convection of the surrounding air and by radiation 
from the tank. In the smaller sizes the tanks have a smooth surface 
(Fig. 8). In larger sizes the tanks are corrugated (Fig. 9) or provided 
with external tubes (Fig. 10), and in very large units the tanks must be 
supplied with external radiators (Fig. 11), through which the oil circulates 
by natural convection due to differences in temperature in the liquid. 
This method may be employed for units of any size or voltage rating, 
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although large-capacity units become rather expensive and bulky. The 
common liquid employed is an insulating oil. Noninflammable and 
nonexplosive liquids have been developed for use as a cooling and insulat¬ 
ing medium for electrical equipment. These liquids are used in trans¬ 
formers where their noninflammable and nonexplosive qualities warrant 
their additional expense. The use of such a liquid is particularly advan¬ 
tageous for transformers in¬ 
stalled in buildings, since the 
transformer may then be in¬ 
stalled m general areas without 
the use of a fireproof vault 
enclosure. 

Large oil-im mersed trans¬ 
formers are frequently cooled by 
means of a combination of self- 
cooling and air blast (Fig. 12). 
The construction of the trans¬ 
former is in general the same as 
for those which are oil immersed 
and self-cooled, with the addi¬ 
tion of a motor-tfiriven blower 
or blowers mounted integrally 
with the transformer tank. The 
blowers provide a forced circula¬ 
tion of air up through the radia¬ 
tors in order to supplement the 
natural convection air currents. 
The blower motors are generally 
automatically controlled by 
means of a thermostat. When 
the oil temperature reaches a 

Fio. 10.—Tubular-type tank aa used certa|n val the thermostat 
on medium-sizod powei transfoi meis . , . - 

(Maloney Electric Co ) ulo8es the motor «remt. After 

the temperature has been re¬ 
duced to a definite value, the thermostat opens the motor circuit, shutting 
off the fans. 

Oil immersed, water-cooled transformers (Fig. 13) are sometimes 
employed for large units. Where a plentiful supply of cooling water is 
available at small cost, they may prove more economical than the self • 
cooled types. In these transformers a coil of copper or brass pipe is 
installed near the top of the transformer enclosing tank. Water is 
circulated through this coil and carries the heat away from the hot oil 
as it rises in the tank. 

In some cases of very large oil-immersed units, a combination of aelf- 
and water-cooling is employed. 
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7. The oil used in transformers (“Standard Handbook for Electrical 
Engineers”) performs two important functions. It serves to insulate 
the various coils from each other and from the core, and it conducts the 
heat from the coils and core to some cooler surfaces where it is either 
dissipated in the surrounding air or transferred to some cooling medium. 
It is evident that the oil should be free from any conducting material, it 
should be sufficiently thin to circulate rapidly when subjected to differ- 
ences of temperature at different 
places, and it should not be ignit- 
able until its temperature is 
raised to a very high value. 

Although numerous kinds of oils 
have been tried in transformers, 
at the present time mineral oil is 
used almost exclusively. This oil 
is obtained by fractional distilla¬ 
tion of petroleum unmixed with 
any other substances and without 
subsequent chemical treatment. 

A good grade of transformer oil 
should show very little evapora¬ 
tion at 100°C., and it should not 
give off gases at such a rate as to 
produce an explosive mixture with 
the surrounding air at a temper¬ 
ature below 180°C. It should not 
contain moisture, acid, alkali, or 
sulphur compounds. 

It has been shown by Mr. C. E. 

Skinner that the deteriorating 
effect of moisture on the insulating 
qualities of an oil is very marked; 
moisture to the extent of 0.06 per 
cent reduces the dielectric strength 
of the oil to about 50 per cent of 
the value when it is free from moisture; but there is very little further 
decrease in the dielectric strength with an increase in the amount of 
moisture in the oil. 

Dry oil will stand an e.m.f. of 25,000 volts between two 0.5-in. knobs 
separated 0.15 in. The presence of moisture can be detected by thrusting 
a red-hot nail in the oil; if the oil “crackles” water is present. Moisture 
may be removed by raising the temperature slightly above the boiling 
point of water, but the time consumed (several days) is excessive. The 
oil is subsequently passed through a dry-sand filter to remove any traces 
of lime or other foreign materials. 



Fig. 11. —Large self-cooled trans¬ 
formers with radiators. Valves are 
supplied between radiators and tanks. 
(Maloney Electric Co.) 




Fio. 13.—View into a water-cooled transformer, showing method of bringing 
out cooling coils and centering in the tank. (Maloney Electric Co.) 
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8. The insulating value of the oil, in oil-immersed transformers, 

(“Standard Handbook”) is depended on very largely to help insulate the 
transformer; this is done by providing liberal oil ducts between coils and 
between groups of coils, in addition to the solid insulation. The oil ducts 
thus serve the double purpose of insulating and cooling the windings. 

Since the oil is a very important part of the insulation, every effort 
is made in modern transformers to preserve both its insulating and cooling 
qualities. Oxidation and moisture are the chief causes of deterioration. 
Oil takes into solution about 15 per cent by volume of whatever gas is in 
contact with it. In the open-type transformer, oil rapidly darkens, owing 
to the effects of oxygen in solution in the oil and the oxygen in contact 
with the top surface of the hot oil. 

1. Expansion Tank (or Conservator). —One of the first devices 
used to reduce oxidation was the expansion tank (or conservator) which 
consisted of a small tank mounted above and connected with the main 
tank by means of a constricted connection so that the small tank could 
act as a reservoir to take up the expansion and contraction of the oil 
due to temperature changes and reduce the oil surface exposed to air. 

2. The Inertaire Transformer has the space above the oil in the 
tank filled with a cushion of inert gas which is mostly nitrogen. The 
nitrogen atmosphere is initially blown in from a cylinder of compressed 
nitrogen and is thereafter maintained by passing the in-breathing air 
through materials which remove the moisture and the oxygen, permitting 
dry nitrogen to pass into the case. A breathing regulator, which consists 
of a mercury U-tube with unequal legs, allows in-breathing of nitrogen 
when the pressure in the case is only slightly below atmospheric, but 
prevents out-breathing unless the pressure in the case becomes 5 lb. per 
sq. in. higher than atmospheric pressure. The elimination of oxygen 
from within the transformer case eliminates the oxidation of the oil and 
prevents fire and secondary explosion within the case. 

9. Insulation between Windings.—The great majority of transformers 
are constructed with two or more windings which are electrically insulated 
from each other. In some cases a single winding is employed, parts of 
the winding functioning both as primary and secondary. These trans¬ 
formers are called autotransformers. They are frequently used when 
the voltage ratio is small. Autotransformers should never be used for 
high-voltage ratios, as the low-voltage winding is not insulated from the 
high-voltage one, so that in case of trouble it would be dangerous to both 
life and equipment. Refer to Sec. 29 for further discussion. 

10. Transformers are built in both single and polyphase units. A 
polyphase transformer consists of separate, insulated electric windings 
for the different phases, wound upon a single core structure, certain 
portions of which are common to the different phases. 

Three-phase Transformers (“Standard Handbook”). —Although 
there are numerous possible arrangements of the coils and cores in con- 
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structing a polyphase transformer, yet it may be stated that a polyphase 
transformer generally consists of several one-phase transformers with 
separate electric circuits but having certain magnetic circuits in common. 
A three-phase transformer is illustrated in Fig. 14, together with the 
component one-phase transformer. It will be observed that a three- 
phase transformer requires three times as much copper as the one-phase 
component transformer but less than three times as much iron. Thus in 
comparison with three individual transformers the three-phase unit 
is somewhat lighter and more efficient. Each component transformer 

operates as though the others were not 
present, the flux of one transformer com¬ 
bining with that of an adjacent trans¬ 
former to produce a resultant flux exactly 



Fig. 14.—Three-phase core- Fig. 15.—Interior view of 

type transformer. a Westinghouse three-phase 

transformer. 

equal to that of each one alone. Figure 15 shows the interior of a 
Westinghouse three-phase transformer. 

11. Application of Three-phase Transformers (A. D. Fishel).—For 
central stations of medium sizes, three-phase transformers are rarely 
superior to single phase except where the large sizes can be applied, in 
which cases the transformers are normally installed in substations or 
central stations. The chief reason for this is the nonflexibility of a three- 
phase transformer. It is usually purchased for a particular size and type 
of load, and, if that load should be changed, the transformer, representing 
a comparatively heavy investment, remains on the hands of the central 
station, whereas a single-phase transformer of one-third the size could 
usually be adapted for some other service. 

This feature becomes of less importance as the central station increases 
its size, and three-phase transformers for purely power service are now 
being used by a considerable number of the large central stations of this 
country. The three-phase transformer costs less to install, and the 
connections are simpler, points that are of importance in connection with 
outdoor installations. The fact that a failure of a three-phase trans¬ 
former would interrupt service more than the failure of one single-phase 
transformer in a bank of three is of little importance because of the com- 
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paratively few failures of modern transformers. On the other hand, 
especially for 2,200-volt service, the single-chase transformer has been 
carried to a high degree of perfection and is manufactured in much larger 
quantities, so that better performance is usual and, in some cases, initial 
cost is lower. Three-phase distribution transformers are used extensively 
in underground city network service on account of the smaller space 
required by them in the manhole, their higher efficiency, and their lower 
initial cost. For overhead service for pole or platform mounting, three 
single-phase units are more common on account of the ease of handling 
and mounting the smaller sized units. 

12 . Methods of Mounting.—Transformers are constructed with differ¬ 
ent types of metal enclosing structures in order to meet the requirements 
of different conditions of installation. One type of enclosure (Figs. 8 
and 22) is designed with lugs for the attachment of hanger irons for 
mounting on poles for use in overhead distribution work. Another type 
of enclosure, called the platform type (Figs. 10, 11, and 12), is suitable for 
installations where the transformer stands upon its own base. It may be 
mounted on any flat horizontal surface having sufficient mechanical 
strength, such as a floor or a platform between poles. Subway trans¬ 
formers (Fig. 9) have watertight tanks which are designed primarily for 
underground installations where the transformer may be completely 
submerged in water. Vault transformers also have watertight enclosures 
so that they will not be injured by total submersion, but they are not 
designed to operate satisfactorily under such conditions. The vault 
transformers are intended for operation in underground vaults where 
dampness is prevalent and where occasional submersion might occur 
but where the transformer would not be required to operate for any 
considerable length of time while submerged. Small transformers for 
power and special application as listed in Sec. 5 (6c to 6 j) are designed 
with special types of mounting in order to meet the requirements of 
installation for these types of service. 

13 . Purpose of Transformers.—Transformers may be classified as 
given in Sec. 5(5) according to the purpose of transformation for which 
they are employed. 

The function of a constant-potential transformer is to change the 
voltage of a system. It is designed to operate with its primary connected 
across a constant-potential supply and to provide a secondary voltage 
which is substantially constant from no load to full load. It is the ordi¬ 
nary common type of transformer. The currents of both primary and 
secondary vary with the load supplied by the transformer. A varying- 
potential transformer is also intended for changing the voltage of a system 
but is so designed that when operated with its primary connected to a 
constant-potential supply the secondary voltage will vary widely with the 
load. Such transformers are necessary for the auxiliary transformers for 
the operation of many gaseous-discharge lamps. 
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A current transformer is one which is designed for changing the current 
of a system. The primary winding of such a transformer is connected 
in series with the circuit of which it is desired to change the current. The 
voltage of both primary and secondary will change with the value of 
the current of the system. Such transformers are used for instrument 
transformers and in some series street-lighting installations. Constant- 
current transformers are designed for supplying a constant value of 
secondary current regardless of the load on the transformer. The 
primary is connected to a constant-potential source. The secondary 
voltage varies proportionally with the load, while the secondary current 
remains constant. The primary current and kilovolt-amperes will be 
constant for all loads, but the kilowatt input and power factor will vary 
with the load. 

14. The most important application of constant-potential transformers 

is for raising the voltage of an electric transmission circuit so that energy 
can be transmitted for considerable distances with small voltage drop and 
small energy loss, and then lowering the voltage for safe usage by motors, 
lights, and appliances. 

16. The Theory of Operation of the Constant-potential Transformer 

(see Fig. 1).—It has been shown in Div. 1 that turns of wire wound on an 
iron core have self-induction. When an alternating voltage is applied to 
such turns a current flows through them that generates a counter voltage 
or e.m.f. that opposes the applied voltage. From formulas, the trans¬ 
former designer can compute just how many turns are necessary for a 
transformer of a given size so that it will generate a counter voltage equal 
to the applied voltage. So, in designing the primary winding of the 
transformer of Fig. 1, the designer would select such a number of turns 
for the primary winding that the counter voltage generated by it would 
be nearly 2,200 volts. Hence, when the primary winding is connected to 
a 2,200-volt circuit, it generates a counter voltage of practically 2,200, 
and no appreciable current flows. A small current, the exciting current, 
just enough to magnetize the core, does flow, but it is so small that it can 
be disregarded in this discussion. 

Since the primary and secondary windings are on the same core, the 
magnetic flux generated by the magnetizing or exciting current flowing 
in the primary winding also cuts the turns of the secondary winding and 
generates an e.m.f. in them. This e.m.f. will be, in accordance with 
a well-known law, opposite in direction to that impressed on the primary. 
If the secondary circuit is open, no current can flow in it, but if it is closed, 
a certain current, proportional to the impedance of the secondary circuit, 
will flow. This current, because of the direction of the e.m.f. generated 
in the secondary, will be in such a direction that the magnetic flux pro¬ 
duced in the core by it will oppose the flux due to the primary winding. 
It will therefore decrease the effective or resultant flux in the core by a 
small amount which will decrease the counter-e.m.f. of the primary 
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winding and permit more current to flow into the primary winding. As 
noted elsewhere, the ratio of the number of turns in the primary winding 
to the number of turns in the secondary winding determines the ratio 
of the primary to the secondary voltage. 

If the voltage impressed on the transformer is maintained constant 
the voltage of the secondary will be nearly constant also. When more 
current flows in the secondary there will be a corresponding increase in 
primary current. As the load on a transformer increases, the impressed 
voltage remaining constant, there is actually a slight drop from the 
no-load voltage of the secondary, due to certain inherent characteristics 
of the transformer, but in a properly designed device this drop will be 
very small. Although the construction and elementary theory of the 
transformer are very simple, a theoretical explanation of all the phe¬ 
nomena involved in its operation is very complicated. Only the principal 
features have been described. Some minor, though very important, 
considerations that would complicate things have not been treated. 

16. Transformer Ratios.—The voltage ratio of a constant-potential 
transformer, i.e.j the ratio of primary to secondary voltage, depends 
primarily upon the ratio of the primary to the secondary turns. The 
voltage ratio will vary slightly with amount and power factor of load. 
For general work the voltage ratio can be taken equal to the turn ratio of 
the windings. 

The current ratio of a constant-potential transformer will be approxi¬ 
mately equal to the inverse ratio of the turns in the two windings. For 
example, for transforming or “stepping down” from 2,400 volts to 120 
volts the ratio of the turns in the windings will be 20:3. The currents 
in the primary and the secondary windings will be, very closely, inversely 
proportional to the ratio of the primary and secondary voltages, because, 
disregarding the small losses of transformation, the power put into a 
transformer will equal the power delivered by it. For example, consider¬ 
ing a transformer with windings having a ratio of 20:1, if its secondary 
winding delivers 100 amp. at 50 volts the input to its primary winding 
must receive almost exactly 5 amp. at 1,000 volts. The input and 
output are each (practically) equal, and each would equal (almost 
exactly) 5,000 watts. 

17. The regulation of a transformer is the change in secondary voltage 
from no load to full load. It is generally expressed as a percentage of the 
full-load secondary voltage. 

Per cent regulation = 

no-load secondary voltage — full-load secondary voltage 1ftft 

full-load secondary voltage ^ 

The regulation depends upon the design of the transformer and the 
power factor of the load. Although with a noninductive load such as 
incandescent lamps the regulation of transformers is within about 3 per 
cent, with an inductive load the drop in potential between no load and 
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full load increases to possibly about 5 per cent. If the motor load is 
large and fluctuating, and close lamp regulation is important, it is desir¬ 
able to use separate transformers for the motors. 

18. The efficiency of a transformer is, as with any other device, the 
ratio of the output to input or, in other words, the ratio of the output 
to the output plus the losses. As a formula it may be expressed thus: 


Efficiency = 


output 

input 


_ output _ 

output + copper loss + iron loss 


( 2 ) 


Average efficiencies of transformers arc given in Secs. 40 to 56. 

19. The copper loss of a transformer is determined by the resistances 
of the high-tension and low-tension windings and of the leads. It is 
equal to the sum of the watts, PR losses in these components at the load 
for which it is desired to compute the efficiency. 

20. The iron loss of a transformer is equal to the sum of the losses 
in the iron core. These losses consist of eddy- or Foucault-current 
losses and hysteresis losses. Eddy-current losses are due to currents 
generated by the alternating flux circulating within each lamination 
composing the core, and they are minimized by using thin lamina¬ 
tions and by insulating adjacent laminations with insulating varnish. 
Hysteresis losses are due to the power required to reverse the magnetism 
of the iron core at each alternation and are determined by the amount 
and the grade of iron used for the laminations for the core. 

21. Transformer Ratings. —Transformers are rated at their kilovolt¬ 
ampere (kva.) outputs. If the load to be supplied by a transformer is at 
100 per cent power factor the kilowatt (kw.) output will be the same as 
the kilovolt-ampere output. If the load has a lesser power factor, the 
kilowatt output will be less than the kilovolt-ampere output propor¬ 
tionally as the load power factor is less than 100 per cent. 

Example .—A transformer having a full-load rating of 100 kva. will safely carry 100 
kw. if the 100 kw. is at 100 per cent power factor, or 90 kw. at 90 per cent power factor, 
or 80 kw. at 80 per cent power factor. 

Transformers are generally rated on the kilovolt-ampere load which 
the transformer can safely carry continuously without exceeding a 
temperature rise of 55°C. when maintaining rated secondary voltage at 
rated frequency and when operating with an ambient temperature of 
40°C. (Ambient temperature is the temperature of the surrounding 
atmosphere.) The actual temperature of any part of the transformer is 
the sum of the temperature rise of that part plus the ambient temperature. 

The usual service conditions under which a transformer should be able 
to carry its rated load are: 

1. At rated secondary voltage or not in excess of 105 per cent of rated 
value. 

2. At rated frequency. 
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3. Temperature of the surrounding cooling air at no time exceeding 
40°C. and average temperature of the surrounding cooling air during any 
24-hr. period not exceeding 30°C. 

4. Altitude not in excess of 3,300 ft. when the cooling medium is air. 

5. If water cooled, the average temperature of the cooling water during 
any 24-hr. period does not exceed 25°C. 

GUIDE FOR LOADING OIL-IMMERSED DISTRIBUTION AND 
POWER TRANSFORMERS 

(Prepared by the American Standards Association) 

22. Scope. —These guides cover general recommendations for loading 
oil-immersed transformers (with the exception of forced-oil-cooled trans¬ 
formers) including those with synthetic or noninflammable liquid. 
Reference should be made to the manufacturer for more specific recom¬ 
mendations, particularly for large or important transformers. 1 No 
recommendations for loading transformers of the air-blast type have been 
established. 

23. General. —The rated output of a transformer is fixed by its name¬ 
plate temperature rise, measured under specified test conditions. The 
output which it can deliver in service without causing undue deterioration 
of the insulation may be more or less than the rated output, depending 
upon the attendant operating conditions. 

Since the evaluation of the cumulative effects of temperature and 
time in causing deterioration of transformer insulation is not thoroughly 
established, it is not possible to predict definitely the length of life of a 
transformer even under constant or closely controlled conditions, much less 
under widely varying service conditions. Experience and tests, however, 
indicate that the rate of deterioration of transformer insulation approxi¬ 
mately doubles for each 8°C. increase in temperature. Years of experience 
have shown that a transformer rated in accordance with the Standards 
will generally have a reasonably long life under usual service conditions. 

Since the actual temperature is the sum of the ambient temperature 
and the temperature rise, it is apparent that the ambient temperature 
very largely determines the load which can reasonably be carried in 
service. Ambient temperatures and service conditions have been estab¬ 
lished in the following paragraphs to serve as a guide for the loading of 
transformers in service. 

24. Transformers Equipped with Means for Determining the Winding 
Temperature. —When temperature indicators for determining the wind¬ 
ing temperature under operating conditions are available, the load 
should be controlled to limit the winding temperature to safe values. 

1 The transformers referred to in these guides are both old and new self-cooled designs 
and modern water-cooled designs (built since 1028). The loading of older water-cooled 
transformers should be based upon information furnished by the manufacturers, or tests 
made on the individual units. 
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a. Temperature Maintained Continuously. —When the temperature 
is maintained continuously, the following limits should not be exceeded: 


Winding 

For an Indicator Marked Temperature 

in Terms of Limits, Deg. C. 

Hottest-spot temperature. ... 95 

Embedded-detector temperature. . . 90 

Average copper temperature (by resistance) . . 85 


b. Temperature Due to Recurrent Short-time Overload Operation.— 

A recurrent short-time overload is one of limited duration that is imposed 
in accordance with a known schedule; it is regarded as occasional and not 
occurring oftener than approximately once every 24 hr. The following 
limits should not be exceeded: 


For an indicator marked in terms of 

Time in 

any 24-hr. period 

2 hi. 

8 hr. 

24 hr. 

Temperatuie, deg. C 

Hottest-spot temperature 

110 

105 

95 

Embedded-detector temperature 

105 

100 

90 

Average copper temperature (by resistance) 

100 

95 

85 


c. Temperature Due to Emergency Short-time Overload Operation.— 

An emergency short-time overload is an unexpected overload of limited 
duration; it is to be regarded as an infrequent occurrence. 

The following temperatures may be permitted for such overloads: 


- - - ... ——i 

For an indicator marked in terms of 

Time 

2 hr. 

8 hr. 

24 hr. 

Temperature, deg. C. 

Hottest-spot temperature 

115 

110 

105 

Embedded-detector temperature 

110 

105 

100 

Average copper temperature (by resistance) 

1 

105 J 

1 

100 

95 


25. Transformers Not Equipped with Means for Determining the 
Winding Temperature but with Oil-temperature Indicator. —On account 
of the large differences between the winding and oil temperatures of 
various designs under full-load conditions and the time lag between 
windings and oil under varying load conditions, it is not possible to use oil 
temperature alone as an accurate guide in loading transformers. When 
it is necessary to use the oil temperature as an accurate guide, it should 
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be used only in combination with a curve or tabulation (furnished by the 
manufacturer) giving permissible oil temperatures for various loads for 
that particular transformer. 

The values of top-oil temperature versus loads given below are con¬ 
servative, being based upon (1) a difference of 25°C. between winding 
hottest-spot and oil temperatures at 100 per cent self-cooled or water- 
cooled rating, (2) a difference of 30°C. between winding hottest-spot and 
oil temperatures at 100 per cent forced-air-cooled rating, and (3) this 
difference varying as the load raised to the 1.6 power. 

The values given in the tabulation below may be used as a rough guide 
for loading transformers. 


a. Temperature Maintained Continuously 


Permissible load, per cent 

Top-oil temperature limits, deg. C. 

Self-cooled or 

F orced-air 

Self-cooled 

Forced-air cooled or 

water cooled 

cooled 

water cooled 0 

100 

100 

70 

65 

112 

110 

65 

60 

123 

120 

60 

55 

134 

129 

55 

50 

144 

138 

50 

45 

, 


° The oil-temperature limits for both water-cooled and forced-air-cooled transformers 
are 5 deg. lower than for self-cooled transformers due (1) to the ambient for water-cooled 
transformers being 25°C. instead of 30°C. as for self-cooled transformers, and (2) to the 
oil rise of forced-air-cooled transformers being approximately 5 deg. lower than for self- 
cooled transfoimers at rated load. 

b. Recurrent Short-time Overloads 


Permissible load, Top-oil tempeiature limits, deg. C. 


per cent 


Self- or 

water 

cooled 

Forced- 

air 

cooled 

Self-cooled 

Forced-air cooled 
cooled 

or water 

2 hr. 

8 hr. 

24 hr. 

2 hr. 

8 hr. 

24 hr. 

100 

100 

85 

80 

70 

80 

75 

65 

112 

110 

80 

75 

65 

75 

70 

60 

123 

120 

75 

70 

60 

70 

65 

55 

134 

129 

70 

65 

55 

65 

60 

50 

144 

138 

65 

60 

50 

60 

55 

45 
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c. Emergency Short-time Overloads 


Permissible load, 
per cent 

Top-oil temperature limits, deg. C. 

Self-cooled 

Forced-air cooled or water 
cooled 

Self- or 
water 
cooled 

Forced - 

air 

cooled 


8 hr. 

24 hr. 

j 

2 hr. 

8 hr. 

24 hr. 

100 

100 

90 

85 

80 

85 

80 

75 

112 

110 

85 

80 

75 

80 

75 

70 

123 

120 

80 

75 

70 

75 

70 

65 

134 

129 

75 

70 

65 

70 

65 

60 

144 

138 

70 

65 

60 

65 

60 

55 


26. Transformers Not Equipped with Means for Determining the 
Temperature.—For transformers not equipped with temperature indi¬ 
cators that indicate the temperature of the transformer under operating 
conditions, the load should be limited to values which will not cause 
excessive temperatures. The following values have been established as 
reasonable for transformers of usual design having a winding tempera¬ 
ture rise (by resistance) of 55°C. at rated load. 

a. Rated Load Maintained Continuously.—A transformer may be 
operated continuously at rated load with service conditions as given in 
Sec. 21. 

b. Continuous Load Limits for Daily Average Cooling-medium Tem¬ 
peratures of Higher Values.—When the average temperature of the 
cooling air during any 24-hr. period exceeds 30°C., it is recommended 
that the load be reduced 2 per cent below rated kilovolt-amperes for 
each degree Centigrade that the average temperature of the cooling air 
exceeds 30°C. 

For water-cooled transformers the load should be reduced 2 per cent 
below rated kilovolt-amperes for each degree Centigrade that the average 
cooling water temperature exceeds 25°C. 

The use of transformers in cooling air exceeding 50°C. or with cooling 
water exceeding 35°C. should be given special consideration. 

c. Continuous Load Limits for Daily Average Cooling-medium Tem¬ 
peratures of Lower Values.—(1) Oil-immersed, self-cooled transformers 
may be loaded continuously 1 per cent above rated kilovolt-amperes for 
each degree centigrade that the daily average temperature of the cooling 
medium (air) is below 30°C. 

(2) An oil-immersed, self-cooled, forced-air-cooled transformer may 
be loaded continuously above its forced-air-cooled rated kilovolt-amperes 
1 per cent of its self-cooled rated kilovolt-amperes for each degree centi- 
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grade that the daily average temperature of the cooling medium (air) is 
below 30°C. For example, if the self-cooled rating is 10,000 kva. and the 
forced-air-cooled rating is 13,333 kva., the permissible continuous loading 
with a daily average air temperature of 0°C. would be 13,333 -f- (0.30 X 
10,000) = 16,333 kva. with forced-air cooling. This increase amounts 



Curve 

Load conditions 

Curves based on times rated 
load current 



Time 

A 

E 

A 

Following no load (excitation onlj) 

2 sec. ' 

13.00 

6.50 

B 

Following 50 per cent load 

5 sec. 

8.00 

4.00 

C 

Following 75 per cpnt load 

10 sec. , 

6.00 

3.00 

D 

Following 90 pei cent load 

30 sec. 

4.00 

2.00 

E 

Following full load 

60 sec. 

3.25 

1.60 


5 min. 

2.10 

1.30 



30 min. ; 

1.45 

1.15 



120 nun. 

1.20 

1.10 


Note: For forced-air-cooled oil-immersed transformers use 75 per cent of the indi¬ 
cated increase over rated load current shown by these curves. 

See Fig. 18 for small transformers. 


Fig. 16.—Recurrent short-time overloads for oil-immersed transformers. 
Self-cooled with 30°C. cooling air, or water-cooled with 25°C. cooling water. 

to 0.76 per cent of its forced-air-cooled rating for each degree Centigrade 
that the ambient is below 30°C. 

(3) Oil-immersed, water-cooled transformers may be loaded con¬ 
tinuously 1 per cent above rated kilovolt-amperes for each degree centi¬ 
grade that the daily average temperature of the cooling medium (water) 
is below 25°C. 

(4) Continuous loads greater than 130 per cent of rated kilovolt¬ 
amperes for self-cooled transformers, even though the temperature of the 
air is lower than 0°C., and continuous loads greater than 125 per cent of 
rated kilovolt-amperes for water-cooled transformers are not recommended. 
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d. Recurrent Short-time Overloads for Self-cooled and Water- 
cooled, Oil-immersed Transformers. —Recurrent short-time overloads 
(see Sec. 24, b) may be applied to self-cooled, oil-immersed transformers 
with daily average cooling air at 30°C. or to water-cooled, oil-immersed 
transformers with daily average cooling water at 25°C., in accordance 



Curve 

Load conditions 

Ouives t 

>ased on times lated 
load current 



Time 

A 

C 

A 

Following no load (excitation only) 

2 sec. 

25.0 

25.00 

B 

Following 75 per cent load 

5 sec. 

16.0 

14.00 

C 

Following full load 

10 sec. 

10.5 

9.00 


30 sec. 

6.0 

5.00 



60 sec. 

4.7 

3.70 



5 min. 

3.0 

2.40 



30 min. 

1.9 

1.60 



120 min. 

1.4 

1.25 


Note: For forced-air-cooled oil-immersed transformers use 75 pei cent of the indi¬ 
cated increase over rated load current shown by these cuives. 

See Fig. 18 for small transformers. 


Fig. 17.—Emergency short-time overloads for oil-immersed transformers. 
Self-cooled with 30°C. cooling air, or water-cooled with 25°C. cooling-water. 

with the curves given in Fig. 16. (Exception: For network transformers 
rated 500 kva. and below and for other transformers rated 100 kva. and 
below and rated below 15,000 volts, recurrent short-time overloads may 
be applied in accordance with the curve given in Fig. 18.) 

e. Emergency Short-time Overloads for Self-cooled and Water- 
cooled, Oil-immersed Transformers. —Emergency short-time overloads 
(see Sec. 24, c) may be applied to self-cooled, oil-immersed transformers 
with*daily average cooling air at 30°C. or to water-cooled, oil-immersed 
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transformers with daily average cooling water at 25°C., in accordance 
with the curves given in Fig. 17. 

For network transformers rated 500 kva. and below and for other 
transformers rated 100 kva. and below and rated below 15,000 volts, 



Curve 


Load conditions 


A 

B 

C 

D 

E 


Emergency, following full load 
Recurrent, following no load 
Recurrent, following 50 per cent load 
Recurrent, following 75 per cent load 
Recurrent, following 90 per cent load 


Curves based on times rated 
load current 


Time 

A 

B 

E 

4 sec. 

25 



10 sec. 

13.7 



30 sec. 

6.7 



60 sec. 

4.75 



5 min. 

2.8 

2.8 

1.32 

30 min. 


1.85 

1.18 

60 min. 

. 

1.6 

1.11 

2 hr. 


1.4 

1.0S 

5 hr. 


1.2 

1.05 


These curves apply to transformers 100 kva. and smaller, below 15,000 volts, and for 
network transformers 500 kva. and smaller. 

Notb: For forced-air-cooled oil-immersed transformers use 75 per cent of the increase 
over rated load current shown by these curves. 


Fig. 18.—Short-time overloads for oil-immersed transformers. Self-cooled 
with 30°C. Cooling air or water-cooled with 25°C. cooling water. 


emergency short-time overloads following full load may be applied in 
accordance with the curve given in Fig. 18. 

f. Recurrent and Emergency Overload with Cooling-air Temperatures 
Other Than 30°C. or Cooling-water Temperatures Other Than 25°C.— 

Short-time loads (shown in Figs. 16, 17, and 18) may be increased by 
1 per cent of the continuous water-cooled rating for each degree Centi¬ 
grade that the daily average cooling water temperature is below 25°C. 
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Short-time loads should be reduced 2 per cent of the continuous self- 
cooled rating below the recommended load for each degree Centigrade 
that the daily average temperature of the cooling air exceeds 30°C. 

Short-time loads should be reduced 2 per cent of the continuous water- 
cooled rating below the recommended load for each degree Centigrade 
that the daily average temperature of the cooling water exceeds 25°C. 

The use of self-cooled, oil-immersed transformers in cooling air exceed¬ 
ing 50°C. or of water-cooled, oil-immersed transformers with cooling 
water exceeding 35°C. should be given special consideration. 

26A. Increased Periods of Operation of Pole-type Constant-current 
Transformers for Ambient Temperatures Lower Than Normal. —Since 
pole-type, constant-current transformers operate outdoors at night when 
the ambient temperature is comparatively low, it is often desirable to 
take advantage of the longer period of operation within the limiting 
temperature rise which is made possible by an ambient temperature lower 
than nprmal. For these reasons, the time of operation of a pole-tvpe, 
constant-current transformer may be increased as the average ambient 
temperature decreases, as follows: 


Average Ambient 

Period of 

Temperature, 

Operation, 

Deg. C. 

Hr. 

30 

8 

25 

10 

20 

12 

15 

14 

10 

16 


27. Capacities of Transformers for Induction Motors 

(General Electric Co.) 



Kva. per transformer 

Size of motor, hp. 

Two single-phase 

Three single-phase 

One three-phase 


transformers 

transformers 

transformer 

1 

0 h 

0 (» 


2 

1 5 

1 0 

2 0 

3 

2 0 

1 5 

A 0 

5 

3 0 

2 0 

ft 0 

7*2 

1 0 

3 0 

7 ft 

10 

5 0 

4 0 

10 0 

15 

7 5 

5 0 

15 0 

20 

10 0 

7 5 

20 0 

30 

. 15 0 

10 0 

30 0 

50 

25 0 

15 0 

50 0 

75 

40.0 

25.0 

75 0 

100 

50.0 

30 0 

100.0 
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28. Capacities of Transformers for Operating Motors (General Electric 
Co.).—For the larger motors the capacity of the transformers in kilovolt¬ 
amperes should equal the output of the motor in horsepower. Thus a * 
50-hp. motor requires 50 kva. in transformers. Small motors should be 
supplied with a somewhat larger transformer capacity, especially if, as is 
desirable, they are expected to run most of the time near full-load, or even 
at slight overload. Transformers of less capacity than those noted in 
Table 27 should not be used even when a motor is to be run at only 
partial load. 

29. The Autotransformer (“Standard Handbook”).—The most 
efficient and effective method of operating a stationary transformer 



Fig 19 Electnc circuits of a 1-kw., single-phase auto transformer. 

Fig 20 - Electnc cncuits of a 1-kw., single-phase, two-coil transforms! 
equivalent to the autotiansformer of Fig. 19. 

(when the ratio of transformation is not too large) is as an autotrans- 
fornier, i e., with certain portions of the windings used simultaneously as 
the primary and the secondary circuit. The electrical circuits of a one- 
phase autotransformer (sometimes called a compensator oi a balance coil) 
are indicated in Fig 19. The autotransformer has only one coil, a certain 
portion of which is used for both the high-tension and the low-tension 
winding. The number of turns of this eoil is the same as would be 
required if it were used exclusively for the high-tension winding and 
a separate additional coil were used for the low-tension winding. More 
over, when the ratio of transformation is 2:1 or 1:2, the amount of copper 
in the one coil is exactly the same whether it is used as an autotransformer 
or as a high-tension eoil of a two-coil transformer of the same rating. Not 
only is less copper required for an autotransformer than for a two-coil 
transformer, but less iron is needed to surround the copper. 

Referring again to Fig. 19, it is to be noted that the one-coil trans¬ 
former is designed for 10 amp. throughout and for a total e.m.f. of 100 
Aoits. The voltage per turn is uniform throughout, so that to obtain 
50 volts it is necessary merely to select any two points on the continuous 
winding such that one-half of the total number of turns is included 
between them. The load current of 20 amp. (required for 1,000 watts 
at 50 volts) is opposed by the superposed 10 amp. of primary current, so 
that even in this section of the coil the resultant current is only 10 amp. 

If an ordinary two-coil transformer had been used, the circuits would 
have been as noted in Fig. 20, while the required constructive material 
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would have been approximately as indicated in Fig. 21, I. So far as 
concerns its constructive material, a 1-kw., 2:1 ratio autotransformer is 
the equivalent of a 1:1 ratio, 0.5-kw., two-coil transformer as shown in 

Fig. 21, II. The latter trans- 



Fig. 21.—Comparison of constructive 
material required for a transformer 
and for an autotransformer. 


former requires about 14 lb. of 
copper and 28 lb. of iron as com¬ 
pared with about 22 lb. of copper 
and 34 lb. of iron for the trans¬ 
former of Fig. 21,1. Moreover, 
the losses of the autotransformer 
are correspondingly less than 
those of a two-coil transformer. 

30. Constant-potential trans¬ 
formers for the transformation 
of a large amount of power, 
are called power transformers. Transformers for 


more than 500 kva. 
general constant-potential power transformation, whose rating is 500 kva. 
or less, are called distribution transformers. All the methods of cooling 
except air immersed, self-cooled, are employed for power transformers. 
The choice depends upon which - 
will result in the best over-all 
economy including first cost, 
operating expense, and space 
occupied. Distribution trans¬ 
formers are always liquid im¬ 
mersed, self-cooled. Power and 
distribution transformers are 
normally of the standard type 
with the windings insulated from 
each other, although those with 
autotransformer construction 
can be obtained for special ap¬ 
plications where the voltage 
ratio is small. Power trans¬ 
formers are always of the plat¬ 
form type. Distribution 
transformers are made with 
tanks for pole and platform 
mounting, and with tanks of the 
subway and vault types. The 
tanks of the platform type of 
transformers of 50 kva. capacity and smaller are equipped with lugs or 
brackets (Fig. 22) for direct pole mounting or for the attachment of 
hanger irons for cross-arm pole mounting. 



Fig. 22. —Distribution transfoimer 
for pole mounting. (American Trans¬ 
former Co.) 
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31. Network transformers are distribution transformers specially 
constructed and equipped with attached auxiliaries such as ‘junction 
boxes and switches for disconnecting and grounding the high-voltage 
cable in order to meet the requirements of transformers for supplying 
low-voltage networks. 

32. Self-protected distribution transformers are equipped with 
lightning and overload protective equipment built integrally with the 


Hit,., 
voftage 
bushlngt -V 
damp 


Ve-ion 

gap 

Breaker 

hand/e 


Soider/ess connector 

Cover 

Cover 
clamping 
lug 



Resistor 

Isolating gap 

Protective link 

Thermal 
breaker 

Core 

Rolled 
oil‘tight 
bottom rim 


Connection 
to low - 


Round 
tank ' 


Fig. 23.—Sectional view of CSP transformer. {We sting house Electric & 
Manufacturing Co.) 

transformers. They are made in two types: completely self-protecting 
(CSP), i.e., having both overload and lightning protection, and with only 
surge protection (SP). The connections of the lightning protective 
equipment can be made in different ways in order to satisfy any desired 
grounding practice. A sectional view of such a CSP transformer is 
shown in Fig. 23. 
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33. Voltage Taps. —It is frequently desirable on transformers to 
obtain a voltage ratio which is slightly different from the standard ratio 
obtained with the complete winding. Most transformers are provided 
with two 5 per cent taps on the high-voltage 
winding for this purpose. The taps are for 
reduced voltage and allow the rated second¬ 
ary voltage to be obtained when the supply 
voltage is below the rated value. Many 
transformers are equipped with a ratio ad¬ 
juster (Fig. 24). The ratio adjuster provides 
a means of changing taps on the transformer 
by simply turning an operating handle with¬ 
out having to take down and remake con¬ 
nections. The diagram of connections of a 
ratio adjuster is shown in Fig. 25. The 
transformer of the illustration is provided 
with two primary coils instead of one as 
would be the more general practice. The 
transformer should be disconnected from 
the line before the taps are changed with 

Fig. 24._Core and rat i° adjuster, as the device is not intended 

coils for a 6,600-volt for operation under load. 

distribution transformer The standard taps for distribution trans- 
showing ratio adjuster. formers are giveil in gec . 34 A rated-kilo- 
(<General Electric Co.) 7 , 

volt-ampere tap is a tap through which the 

transformer can deliver its rated kilovolt-ampere output without exceed¬ 
ing its rated temperature rise. A reduced-kilovolt-ampere tap is a tap 
through which the transformer can deliver only a kilovolt-ampere output 
less than its rated value without exceeding its rated temperature rise. 




Fig. 25.—Diagram of ratio adjuster connections to transformer with four 
2per cent taps. {General Electric Co.) 


Large power transformers frequently are equipped with load-ratio 
control equipment by means of which the connections to taps of the 
transformer can be changed under load. 
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84. Preferred Rating* of Transformer* 

Single-phase, 500 kva. and below. Used primarily to step down from a 
transmission or distribution voltage to a utilization voltage 


Rated 

circuit 

voltage 

Max. 

and 

min. 

rated 

kva. 

High voltage winding 

Low voltage winding, rated voltage 

Rated voltage 

Rated kva. tap 

Re- 

duoed 

kva. 

tap 

480 

1.6-100 

480 

456 

432 


120/240 




600 

1.5-100 

600 

570 

540 


120/240 




2,400 and 

1.5- 50 

2,400/4,160Y 




120/240 

240/480 

600 


4,160 

75-500 

2,400/4,160Y 

2,280 

2,160 


120/240 

240/480 

600 


4,800 

1 5-100 

2,400/4,800 




120/240 

240/480 

600 



150-500 

2,400/4,800 

2,280 

2,160 


120/240 

240/480 

600 


7,200 and 

1 5-500 

7,200/12,470Y 

6,875 

6,545 

6,220 

120/240 

240/480 

600 


12,000 

5-500 

7,200/12,470Y 

6,840 

6,480 





2,400 


3-500 

12,000 

11,400 

10,800 


120/240 

240/480 

600 



5-500 

12,000 

11,400 

10,800 





2.400/4.160Y 

13,800 

1.5-500 

7,620/13,200Y 

7,240 

6,860 


120/240 

240/480 

600 



5-500 

7,620/13,200Y 

7,240 

6,860 





2,400 


3-500 

13,200 

12,540 

11,880 


120/240 

240/480 

600 


5-500 

13,200 

12,540 

11,880 





2.400/4.160Y 

23,000 

10-500 

22,000 

20,900 

19,800 


120/240 

240/480 

600 

2,400/4jl60Y 


10-500 

12,700/22,000Y 

12,070 

11,430 


120/240 

240/480 

600 

2,400 

34,500 

15-500 

33,000 

31,350 

29,700 


120/240 

240/480 

600 

2,400/4,l60Y 


15-500 

19,050/33,000Y 

18,100 

17,150 


120/240 

240/480 

600 

2,400 

46,000 

25-500 

44,000 

41,800 

39,600 


120/240 

240/480 

600 

2,400/4,160Y 


25-500 

25,400/44,0O0Y 

24,140 

22,860 


120/240 

240/480 

600 

2,400 

69,000 

50-500 

66,000 

62,700 

59,400 


120/240 

240/480 

600 

2,400/4,160Y 


50-500 

38,100/66,000Y 

36,200 

34,290 


120/240 

240/480 

600 

2,400 


Notes: 1. Transformers rated at 200 kva. and below, having low-voltage ratings of 120/240 volts, are 
suitable for series-multiple or three-wire service; transformers rated at 250 kva., 333 kva., or 500 kva. 
are suitable for series or three-wire service only. 

2. Transformers having low-voltage ratings of 240/480 volts are suitable for series or multiple service 
only. 

3. Transformers for operating in parallel with existing transformers or for use on existing systems, but 
requiring different voltages and taps than given in the tables, shall have the same status as the ratings 
of the same voltage class, provided that number and voltage range of the taps is not exceeded. 

4. Standard ratings are under review by a joint committee of the Edison Electric Institute and the 
National Electrical Manufacturers’ Association. 
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35. Preferred Ratings for Transformers 

Three-phase, 450 kva. and below. Used primarily to step down from a 
transmission or distribution voltage to a utilization voltage 


Rated 

circuit 

voltage 

Max. and 

, High voltage winding 

Low voltage winding, rated 
voltage 

min. 

rated kva. 

Rated voltage 

Rated 
kva. taps 

2.400 and 

10-150 

2,400/4,160Y 



240/480 

600 


4,160 

200-450 

2,400/4,160Y 

2,280 

2,160 

240/480 

600 


4,800 

10-450 

4,800Y 

4,560 

4,320 

240/480 

600 


7,200 

10-450 

7.200Y 

6,840 

6,480 

240/480 

600 



10-450 

7,200Y 

6,840 

6,480 



2,400 


10-450 

7.200A 

6,840 

6,480 



2,400/4,160Y 

12,000 

10-450 

12,000 

11,400 

10,800 

240/480 

600 



10-450 

12,000 

11,400 

10,800 



2,400 


10-450 

12,000 

11,400 

10,800 



2,400/4,160Y 

13,800 

15-450 

13,200Y 

12,540 

11,880 

240/480 

600 

2,400 


15-450 

13,200A 

12,540 

11,880 



2,400/4,160Y 

23,000 

25-450 

22,000Y 

20,900 

19,800 

240/480 

600 

2,400 


25-450 

22.000A 

20,900 

19,800 



2,400/4,160Y 

34,500 

50-450 

33,000Y 

31,350 

29,700 

240/480 

600 

2,400 


50-450 

33,000A 

31,350 

29,700 



2,400/4,160Y 

46,000 

50-450 

44,000Y 

41,800 

39,600 

240/480 

600 

2,400 


50-450 

44,000A 

41,800 

39,600 



2,400/4,160Y 

69,000 

150-450 

66,000Y 

62,700 

59,400 

240/480 

600 

2,400 


150-450 

66,OOOA 

62,700 

59,400 



2,400/4,160Y 


Notes: 1 . Transformers having low-voltage ratings of 240/480 are suitable for series 
or multiple service only. 

2. Transformers for operating in parallel with existing transformers or for use on 
existing system, but requiring different voltages and taps than given in the tables, shall 
have the same status as the standard ratings of the same voltage class, provided that 
number and voltage range of the taps is not exceeded. 

3. Standard ratings are under review by a joint committee of the Edison Electric 
Institute and the National Electrical Manufacturers’ Association. 


36. Preferred Ratings of Transformers 

Kva. ratings 


Single-phase Three-phase 


IK 

75 

833 

6,667 

10 

200 

2,000 

12,000 

3 

100 

1,000 

8,333 

15 

300 

2,500 

15,000 

5 

150 

1,250 

10,000 

25 

450 

3,000 

20,000 

7K 

200 

1,667 

12,500 

37K j 

600 

3,750 

25,000 

10 

250 

2,000 

16,667 

50 

750 

5,000 

30,000 

15 

333 

2,500 

20,000 

75 

1,000 

6,000 

37,500 

25 

500 

3,333 

25,000 

100 

1,200 

7,500 1 

50,000 

37M 

50 

667 

4,000 

5,000 

33,333 

150 

1,500 

10,000 ! 







37. Standard Accessories for Transformers of 500 Kva. and Less 
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3. Filter-press connections will consist of the following: the oil drain valve at the bottom for the bottom filter-press connection; a suitable opening with a 
1-in. pipe thread above the oil level for the top filter-press connection. 

4. Ventilators: The opening in the tank or cover for ventilators when supplied will have a 1-in. standard pipe thread. 
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38. Certain accessories are furnished as standard practice with trans¬ 
formers. The standard accessories for transformers of 200 kva. capacity 
or less are given in Sec. 37. 

Standard accessories for transformers above 200 kva. are as follows: 

1. Oil gage, oil-drajn valve, oil-sampling valve, and provision for filter- 
press connections. 

2. Plain standard indicating thermometer for registering temperature 
of oil, except that for self-cooled transformers rated at 1,000 kva. or more 
and for all water-cooled transformers the thermometer is furnished with 
alarm contacts. 

Large power transformers frequently are provided with means for 
indicating the temperature of the transformer windings. 

39. Average data for distribution transformers are given in Secs. 40 
to 56. The tables will give approximate information for transformers 
with ratings on the low-voltage side of 120/240, 240/480, 600, or 2,400 
volts. 


40. Performance of 60-cycle, Single-phase, Oil-filled, Distribution 

Transformers 

Standard Voltages of 600 or 2,400 Volts on High-voltage Side 


Kva. 

No load 

Total 
loss at 

Efficiencies at 75°C. 

Regulation at 
75°C\ 

% im¬ 
pedance 

loss 








75 °C. 

Full 



'i 

100% 

p.f. 

80% 

p.f. 

at 75°C. 

1^2 

20 

66 

95.8 

96.1 

95.9 

94 2 

3 1 

3 6 

3.6 

3 

27 

98 

96.9 

97.1 

97.1 

96.0 

2.4 

2 6 

2.5 

5 

41 

134 

97.4 

97.6 

97.5 

96.4 

1.9 

2 6 

2 5 

7*2 

55 

184 

97.6 

97.8 

97.7 

96.8 

1.8 

2.3 

2.3 

10 

59 

241 

97.7 

97.9 

97.9 

97.3 

1.9 

2.3 

2.3 

15 

80 

333 

97.8 

98.0 

98.1 

97.5 

1.7 

2.2 

2.2 

25 

120 

496 

98.1 

98.3 

98.3 

97.7 

1.6 

2.7 

2.9 

37W 

154 

649 

98.3 

98.5 

98.5 

98.1 

1.4 

2.6 

2.8 

50 

190 

795 

98.4 

98.6 

98.6 

98.2 

1.3 

2.3 

2.5 

75 

288 

1194 

98.4 

98.6 

98.6 

98.1 

1.3 

3.1 

3.6 

100 

357 

1553 

98.5 

98.6 

98.7 

98 2 

1.3 

3.2 

3.8 

150 

550 

2292 

98.5 

98.7 

98.7 

98.3 

1.3 

3.8 

4.8 

200 

800 

2905 

98.6 

98.7 

98 7 

98.2 

1.2 

3.7 

4.8 

250 

1115 

3815 

98.5 

98.6 

98.6 

98.0 

1.2 

3.7 

4.8 

333 

1310 

4665 

98.6 

98.7 

98.7 

98.2 

1.2 

3.7 

4.8 

500 

1675 

6325 

98.8 

98.9 

98.9 

98.5 

1.1 

3.6 

, 

4.8 
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41. Performance of 60-cycle, Single-phase, Oil-filled, Distribution 

Transformers 

Standard Voltages of 7,200 Volts on High-voltage Side 


Kva. 

No load 
loss 

Total 
loss at 
75°C. 

Efficiencies at 75 # C. 

Regulation at 
75°C. 

% im¬ 
pedance 
at 75 # C. 

Full 

H 

X 

X 

100 % 
p.f. 

80% 

p.f. 

1M 

22 

65 

95.9 

96.1 

95.8 

93.8 

2.9 

2.9 

3.0 

3 

32 

106 

96.6 

96.9 

96.7 

95.4 

2.6 

3.1 

3.0 

5 

51 

164 

96.8 

97.1 

96.9 

95.6 

2.3 

2.5 

2.6 

7*£ 

59 

229 

97.0 

97.3 

97.3 

96.4 

2.3 

3.0 

3.0 

10 

71 

288 

97.2 

97.5 

97.6 

96.8 

2.3 

3.0 

3.0 

15 

97 

364 

97.6 

97.9 

97.9 

97.1 

1.9 

3.1 

3.3 

25 

144 

544 

97.9 

98.1 

98.1 

97.4 

1.7 

3.1 

3.4 

37*2 

208 

725 

98 1 

98 3 

98.2 

97.5 

1.5 

2.9 

3.2 

50 

270 

940 

98 2 

98.3 

98 3 

97.6 

1.4 

3.1 

3.6 

75 

370 

1310 

98.3 

98.4 

98.4 

97.8 

1.4 

4.0 

5.1 

100 

470 

1700 

98 3 

98 5 

98.4 

97.8 

1.4 

3.8 

4.8 

150 

725 

2425 

98 4 

, 98.5 

98.5 

97.8 

1.3 

3.9 

5.0 

200 

915 

3180 

98.4 

98.6 

98 5 

97.9 

1.3 

3.9 

5.0 

250 

1115 

3815 

98.5 

I 98.6 

98.6 

98 0 

1.3 

3.9 

5.0 

333 

1310 

4665 

98.6 

98.7 

98.7 

98.2 

1.2 

3.8 

5.0 

500 

1675 

6325 

98.8 

98 9 

98.9 

98.5 

1.1 

1 

3.8 

5.0 


42. Performance of 60-cycle, Single-phase, Oil-filled, Distribution 

Transformers 

Standard Voltage of 13,200 Volts on High-voltage Side 


Kva. 

No load 
loss 

Total 
loss at 
75°C. 

Efficiencies at 75°C. 

Regulation at 
75°C. 

% im¬ 
pedance 
at 75°C. 

Full 

H 

H 

H 

100 % 
p.f. 

80% 

p.f. 

2K 

44 

113 

95.7 

95.8 

95.3 

92.8 

2.7 

3.1 

3.1 

5 

58 

180 

96.5 

96.8 

96.6 

95.0 

2.5 

2.9 

2.9 

10 

92 

288 

97.2 

97.4 

97.2 

96.0 

2.0 

2.8 

2.8 

15 

122 

396 

97.4 

97.6 

97.5 

96.4 

1.9 

2.9 

3.0 

25 

170 

550 

97.9 

98.0 

97.9 

97.0 

1.6 

3.0 

3.3 

37*£ 

230 

748 

98.1 

98.2 

98.1 

97.3 

1.5 

3.0 

3.3 

50 

300 

958 

98.1 

98.3 

98.2 

97.4 

1.4 

2.9 

3.2 

75 

415 

1375 

98.2 

98.3 

98.3 

97.5 

1.4 

4.0 

5.0 

100 

530 

1755 

98.3 

98.4 

98.3 

97.6 

1.4 

4.0 

5.1 

150 

750 

2520 

98.3 

98.5 

98.4 

97.8 

1.3 

3.9 

5.0 

200 

950 

3240 

98.4 

98.5 

98.5 

97.9 

1.3 

3.9 

5.0 

250 

1115 

3815 

98.5 

98.6 

98.6 

98.0 

1.3 

3.9 

5.0 

333 

1310 

4665 

98.6 

98.7 

98.7 

98.2 

1.2 

3.8 

5.0 

500 

1675 

6325 

98.8 

98.9 

98.9 

98.5 

1.1 , 

3.8 

5.0 
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48. Performance of 60-cyde, Single-phase, Oil-filled Distribution 

Transformers 

Standard Voltage of 22,000 Volts on High-voltage Side 


Kva. 

! 

No load 
loss 

1 

Total 
loss at 
75°C. 

Efficiencies at 75 6 C. 

Regulation at 
75 °C. 

% im¬ 
pedance 
at 75°C\ 

Full 

* 

H 

HS 

100% 

p.f. 

80% 

p.f. 

10 

135 

420 

96.0 

96.2 

96.0 

94.2 

3.0 

4.9 

5.2 

15 

175 

530 

96.6 

96.8 

96.6 

95.0 

2.5 

4.7 

5.2 

25 

230 

740 

97.1 

97.3 

97.2 

96.0 

2.2 

4.6 

5.2 

37H 

300 

985 

97.4 

97.6 

97.5 

96.4 

2.0 

4.5 

5.2 

50 

375 

1225 

97.6 

97.8 

97.7 

96.7 

1.9 

4.4 

5.2 

75 

500 

1630 

97.9 

98.0 

98.0 

97.0 

1.7 

4.2 

5.2 

100 

610 

1995 

98.1 

98.2 

98. 1 

97.3 

1.7 

4.2 

5.2 

150 

825 

2715 

98.2 

98.3 

98.3 

97.5 

1.4 

4.1 

5.2 

200 

1015 

3430 

98.3 

98.4 

98.4 

97.7 

1.4 

4.1 

5.2 

250 

1200 

3930 

98.5 

98.6 

98.5 

97.8 

1.3 

4.0 

5.2 

333 

1450 

4810 

98.6 

98.7 

98.6 

98.0 

1.2 

4.0 

5.2 

500 

1950 

6570 

98.8 

98.8 

98.8 

98.2 

1.1 

3.9 

5.2 


44. Performance of 60-cycle, Single-phase, Oil-filled, Distribution 

Transformers 

Standard Voltage of 33,000 Volts on High-voltage Side 


' 

Kva. 

No load 
loss 

Total 
loss at 
75°C. 

Efficiencies at 75°C. 

Regulation at 
75*0. 

% im¬ 
pedance 
at 75 °C. 

Full 

$4 

*2 

>4 

100% 

p.f. 

80% 

p.f. 

15 

200 

565 

96.4 

96.5 

96.2 

94.4 

2.6 

4.8 

5.2 

25 

258 

793 

96.9 

97.1 

96.9 

95.5 

2.3 

4.6 

5.2 

37K 

336 

1057 

97.3 

97.4 

97.3 

96.1 

2.1 

4.5 

5.2 

50 

420 

1290 

97.5 

97.6 

97.5 

96.3 

1.9 

4.4 

5.2 

75 

550 

1735 

97.7 

97.9 

97.8 

96.8 

1.8 

4.3 

5.2 

100 

670 

2118 

97.9 

98.1 

98.0 

97.0 

1.6 

4.2 

5.2 

150 

890 

2840 

98.1 

98.3 

98.2 

97.4 

1.5 

4.1 

5.2 

200 

1095 

3555 

98.2 

98.4 

98.3 

97.6 

1.4 

4.1 

5.2 

250 

1260 

4145 

98.4 

98.5 

98.4 

97.8 

1.3 

4.1 

5.2 

333 

1553 

5075 

98.5 

| 98.6 

98.6 

97.9 

1.2 

4.0 

5.2 

500 

2050 

6827 

98.7 

[ 98.8 

98.7 

98.1 

1.1 

3.9 

5.2 





Div. 6] TRANSFORMERS 913 


45. Performance of 60-cycle, Single-phase, Oil-filled, Distribution 

Transformers 

Standard Voltage of 44,000 Volts on High-voltage Side 


Kva. 

No load 
loss | 

Total 
loss at 
75°C. 

Efficiencies at 75°C. 

Regulation at 
75®C. 

% im¬ 
pedance 
at 75°C. 

Full 

1 

H 

H 

H 

100% 

p.f. 

80% 

p.f. 

25 

310 

858 

96.7 

96.8 

96.5 

94.8 

2.4 

5.0 

5 7 

37 X 

400 

1122 

97.1 

97.2 

97.0 

95.5 

2.1 

4.8 

5.7 

50 

490 ! 

1370 

97.3 

97.4 

97.2 

95.8 

2.0 

4.8 

5.7 

75 

630 

1810 

97.6 

97.7 

97.6 

96.4 

1.8 

4.6 

5.7 

100 

770 

2225 

97.8 

97.9 

97.8 

96.7 

1.7 

4.6 

5.7 

150 

1010 

3003 

98.0 

98.1 

98.0 

97.1 

l .o 

4.5 

5.7 

200 

1230 

3743 

98.2 

98.3 

98.2 

97.3 

1.5 

4.4 

5.7 

250 

1420 

4405 

98.3 

98.4 

98.3 

97.5 

1.4 

4.4 

5.7 

333 

1695 

5395 

98.4 

98.5 

98.5 

97.7 

1.3 

4.4 

5.7 

500 

2200 

7030 

98.6 

98.7 

98.7 

98.0 

1.2 

4.3 

5.7 


46. Performance of 60-cycle, Single-phase, Oil-filled, Distribution 

Transformers 

Standard Voltage of 66,000 Volts on High-voltage Side 


Kva. 

No load 
loss ! 

Total 
loss at 
75°C. 

Efficiencies at 75 °C. 

Regulation at 
75°C. 

% im¬ 
pedance 
at 75°C. 

Full 

H 

K 


100% 

p.f. 

80% 

p.f. 

50 

1 

640 

1515 

97.1 

97.1 

96.7 

94.7 

2.0 

5.3 

6.5 

75 

820 

1950 

97.5 

97.5 

97.1 

95.5 

1.8 

5.1 ! 

6.5 

100 

970 

2385 

97.7 

97.7 

97.4 

95.9 

1.7 

5.1 

6.5 

150 

1220 

3160 

97.9 

98.0 

97.8 

96.5 

1.5 

5.0 

6.5 

200 

1440 

3900 

98.1 

98.1 

98.0 

96.9 

1.5 

4.9 

6.5 

250 

1630 

4615 

98.2 

98.3 

98.1 

97.2 

1.4 

4.9 

6.5 

333 

1875 

5635 

98.3 

98.4 

98.3 

97.5 

1.4 

4.9 

6.5 

500 

2400 

7380 

98.5 

98.6 

98.6 

97.9 

1.3 

4.8 

i 

6.5 
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47. Performance of 60-cycle, Three-phase, Oil-filled, Distribution 

Transformers 

Standard Voltage of 2,400 Volts on High-voltage Side 


Kva. 

No load 
loss 

Total 
loss at 
75°C. 

Efficiencies at 75°C. j 

Regulation at 
75°C. 

% im¬ 
pedance, 
at 75°C. 

Full 

« J 

W 

H j 

100% 

p.f. 

80% 

p.f. 

10 

90 

345 

96.7 

97.0 

97.0 

96.0 

2.6 

3.4 

3.4 

15 

113 

443 

97.1 

97.4 

97.5 

96.5 

2.3 

3.3 

3.4 

25 

162 

650 

97.5 

97.7 

97.8 

97.0 

2 0 

3.3 

3.4 


214 

890 

97.7 

97.9 

98.0 

97.3 

1.9 

3.9 

4.3 

50 

275 

1117 

97.8 

98.0 

98.1 

97.4 

1.9 

4.2 

4.9 

75 

370 

1525 

98.0 

98.2 

98.2 

97.7 

1.7 

3.8 

4.4 

100 

455 

1860 

98.2 

98.4 

98.4 

97.9 

1.5 

3.8 

4.6 

150 

590 

2445 

98.4 

98.6 

98.6 

98.1 

1.4 

3.4 

4.1 

200 

785 

3093 

98.5 

98.6 

98.6 

98.2 

1 .3 

3.4 

4.2 

300 

1100 

4350 

98.6 

98.7 

98.7 

98.3 

1.2 

3.7 

4.8 

450 

1550 

6125 

98.4 

98.8 

98.8 

98.6 

1.2 

3.7 

4.8 


48. Performance of 60-cycle, Three-phase, Oil-filled, Distribution 

Transformers 

Standard Voltage of 4,800 Volts on High-voltage Side 


Kva. 

No load 

Total 
loss at 

Efficiencies at 75°C. 

Regulation at 
75°C. 

% im¬ 
pedance 

loss 








75°C. 

Full 

: 

* 

3 2 

H ' 

100 % 
p.f. 

80 % 
p.f. 

at 75°C. 

10 ! 

94 

354 

96.6 

96.9 

96.9 

95.8 

2 7 

3.7 

3.7 

15 

120 

465 

97.0 

97.3 

97.3 

96.3 

2 4 

3.7 

3.8 

25 

170 

685 

97 3 

97.6 

97.7 j 

96.9 

2.2 

3.4 | 

3.5 

87« 

225 

935 

97.6 

97 8 

97.9 

97.2 

2.0 

3.7 

4.0 

50 

275 

1165 

97.7 

98.0 

98.0 

97.4 

1.9 

3.6 

4.0 

75 

370 

1585 

97.9 

98.2 

98.2 

97.7 

1.8 

3.5 

4.0 

100 

455 

1955 

98.1 

98.3 

98.3 

97.8 

1.6 

3.5 

4.0 

150 

615 

2615 

98.3 

98.5 

98.5 

98.0 

1.4 

3.4 

4.0 

200 

785 

3275 

98.4 

98.6 

98.6 

98.1 

1.4 

3.4 

4.0 

300 

1100 

4350 

98.6 

98.7 

98.7 

98.3 

1.2 

3.7 

4.8 

450 

1550 

6125 

98.7 

98.8 

98.8 

98.4 

1.2 

3.7 

. I 

4.8 
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49. Performance of 60-cycle, Three-phase, Oil-filled, Distribution 

Transformers 

Standard Voltage of 7,200 Volts on High-voltage Side 


Kva. 

No load 

Total 
loss at 
75°C. 

Efficiencies at 75 °C. 

Regulation at 
75 # C. 

% im¬ 
pedance 
at 75°C. 

loss 

Full 

X 

H 

X 

100 % 
p.f. 

80% 

p.f. 

10 

100 

385 

96.3 

90.7 

96.7 

95.5 

2.9 

2.9 

3.0 

15 

132 

512 

96.7 

97.0 

97.0 

96 0 

2 6 

3 3 

3.3 

20 

190 | 

735 

97.2 

97 4 

97.5 

96.5 

2.3 

3 4 

3.5 

37*2 

200 

1000 

97.4 

97.7 

97.7 

96.9 

2 1 j 

3 4 

3.5 

50 

315 

1205 

97.7 j 

97.9 

97.9 

97.1 

1.9 

3.1 

3.2 

75 

440 

1650 

97.8 

| 98.0 

98.0 

97 3 

1.7 

3 1 

3.4 

100 • 

500 

2050 

98.0 

98.2 

98.1 

97 4 

1 6 

3 4 

3.9 

150 

730 

2760 

98 2 

98.4 

98.4 

97.8 

1 5 

3.5 

4.2 

200 

850 

3370 

98 4 1 

98.5 

98.5 

98.0 

1.4 

3.5 

4.2 

300 

1150 

4470 

98.5 

98 7 

98.7 

98.2 

1.3 

3.9 

5.0 

450 

1600 

6300 

98 6 

98.8 

98.8 

98 3 

1.2 

_1 

3 9 

5.0 


60. Performance of 60-cycle, Three-phase, Oil-filled, Distribution 

Transformers 

Standard Voltage of 12,000 Volts on High-voltage Side 


Kva. 

No load 

Total 
loss at 

Efficiencies at 75°C. 

Regulation at 
75°C. 

% im¬ 
pedance 

loss 








75°C. 

Full 

X 

>2 

X 

100% 

p.f. 

80 % 
p.f. 

at 75°C. 

10 

110 

410 

95.1 

96.4 

96.4 

95.1 

3.1 

4.7 

4.8 

15 

145 

545 

96.5 

96.8 

96.8 

95.7 

2 8 

4.7 

5.0 

25 

207 

775 

97.0 

97.3 

97 3 

96.2 

2.4 

3 7 

4.0 

37 

275 

1035 

97.3 

97.6 

97.6 

96.7 

2 2 

3.7 

4.0 

50 

345 

1275 

97.5 

97.7 

97.7 

96.9 

2.0 

3 9 

4.3 

75 

475 

1745 

97.7 

97.9 

97.9 

97.1 

1.9 

3.9 

4.6 

100 

600 

2160 

97.9 

98.1 

98.1 

97.3 

1.8 

4.6 

5.7 

150 

765 

2895 

98.1 

98.3 

98.3 

97.6 

1.5 

3.7 

4.4 

200 

890 

3540 

98.3 

98.4 

98.4 

97.9 

1.4 

3.6 

4.4 

300 

1225 

4795 

98.4 

98.6 

98.6 

98.1 

1.4 

3.9 

5.0 

450 

1650 

6690 

i 

98.5 

98.7 

98.7 

98.3 

1.3 

3.9 

5.0 
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SI. Performance of 60-cycle, Three-phase, Oil-filled, Distribution 

Transformers 

Standard Voltage of 13,200 Volts on High-voltage Side 


Kva. 

No load 
loss 

Total 
loss at 
75°C. 

Efficiencies at 75°C. 

Regulation at 
75 a C. 

% im¬ 
pedance 
at 75°C. 

Full 

H 

H 

H 

100 % 
p.f. 

80% 

p.f. 

15 

165 

565 

96.4 

96.7 

96.6 

95 2 

2 8 

4.6 

4.8 

25 

230 

800 

96.9 

97.2 

97.1 

96.0 

2 4 

3 6 

3.6 

37H 

305 

1065 

97.3 

97.5 

97.4 

96.4 

2.2 

4 1 

4.5 

50 

375 

1305 

97.5 

97.7 

97 6 

96.6 

2.0 

4 0 

4.5 

75 

515 

1785 

97.7 

97.9 

97.8 

96.9 

1.8 

3.2 

3 5 

100 

630 

2190 

97.9 

98.0 

98.0 

97.2 

1 7 

4 5 

5.5 

150 

790 

2920 

98.1 

98.3 

98.2 

97.6 

1.6 

3 8 

4.5 

200 

930 

3580 

98 3 

98.4 

98.4 

97.8 

1 5 

3 7 

4.5 

300 

1225 

4795 

98.4 

98.6 

98.6 

98.1 

1 4 

3 9 

5 0 

450 

1650 

6690 

98.5 

98.7 

98.7 

98.3 

1 3 

3.9 

5.0 


62. Performance of 60-cycle, Three-phase, Oil-filled, Distribution 

Transformers 

Standard Voltage of 22,000 Volts on High-voltage Side 


Kva. 

No load 

Total 
loss at 
75°C. 

! 

Efficiencies at 75°C. 

Regulation at 
75 °C. 

% im¬ 
pedance 
at 75°C. 

loss 

1 

Full 

* 

_ 

. 

H 1 


100 % 
p.f. 

80% 

p.f. 

37 >2 

330 

1250 

96.8 

97.1 

97.1 

96.1 

2.6 

4.8 

5.2 

50 

385 

1510 

97.1 

97.4 

97.4 

96.5 

2.4 

4 7 

5.2 

75 

525 

1945 

97.4 

97.7 

97.7 

96.8 

2 1 

4 5 

5.2 

100 

640 

2365 

97.7 

97.9 

97.9 

97.1 

1.9 

4 4 

5.2 

150 

800 

3085 

98.0 

98.2 

98.2 

97.6 

1.7 

4.3 

5.2 

200 

985 

3815 

98.1 

98.3 

98.3 

97.7 

1.6 

4 2 

5.2 

300 

1355 

5320 

98.3 

98.4 

98.5 

97.9 

1.5 

4.2 

5.2 

450 

1850 

7100 

98.4 

98.6 

98.6 

98.1 

1.3 

4.1 

6.2 
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68. Performance of 60-cycle, Three-phase, Oil-filled, Distribution 

Transformers 

Standard Voltage of 33,000 Volts on High-voltage Side 


Kva. 

No load 
loss 

Total 
loss at 
75°C. 

Efficiencies at 75°C. • 

Regulation at 
75 °C. 

% im¬ 
pedance 
at 75°C. 

Full 

H 

H 

>4 

100% 

p.f. 

80% 

p.f. 

50 

450 

1605 

96.9 

97.2 

97.1 

96.0 

2.5 

4.7 

5.2 

75 

570 

2040 

97.4 

97.6 

97.6 

96.6 

2.1 

4.5 

5.2 

100 

690 

2455 

97.6 

97.8 

97.8 

96.9 

1.9 

4.4 

5.2 

150 

925 

3285 

97.9 

98.0 

98.0 

97.2 

1.7 

4.3 

5.2 

200 

1155 

4050 

97.9 

98.2 

98.2 

97.4 

1.6 

4.2 

5.2 

300 

1550 

5570 

98.1 

98.3 

98.3 

97.7 

1.5 

4.2 

5.2 

450 

_i 

2105 

7535 

98.4 

98.5 

98.5 

97.9 

1.4 

4.1 

5.2 


54. Performance of 60-cycle, Three-phase, Oil-filled, Distribution 

Transformers 

Standard Voltage of 44,000 Volts on High-voltage Side 


Kva. 

No load 
loss 

Total 
loss at 

7 5°C. 

Efficiencies at 75°C. 

Regulation at 
75 °C. 

% im¬ 
pedance 
at 75°C. 

Full 

H 

H 

>4 

1 

100% 

p.f. 

1 

80% 

p.f. 

75 

675 

2230 

97.1 

97.3 

97.2 

96.0 

2.3 

4.9 

5.7 

100 

840 

2635 

97.4 

97.6 

97.5 

96.3 

2.0 

4.7 

5,7 

150 

1100 

3485 

97.7 

97.9 

97.8 

96.8 

1.8 

4.6 

5.7 

200 

1350 

4290 

97.9 

98.0 

98.0 

97.0 

1.7 

4.6 

5.7 

300 

1765 

5830 

98.1 

98.2 

98.2 

97.4 

1.6 

4.5 

5.7 

450 

2340 

7865 

98.3 

98.4 

98.4 

97.7 

1.4 

4.4 

5.7 
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56. Performance of 60-cycle, Three-phase, Oil-filled, Distribution 

Transformers 

Standard Voltage of 66,000 Volts on High-voltage Side 


Kva. 

No load 

Total 
loss at 

-j 

Efficiencies at 75*C\ 

Regulation at 
75°C. 

% im¬ 
pedance 

loss 








75°C. 

lull 



* 4 

1 

100% 

l>.f. 

80% 

p.f. 

at 75°C. 

v 

150 

1450 

3970 

97 4 

97 5 

97 3 

95 9 

1 9 

5 2 

6 5 

200 

1700 

4800 

97 7 

97 8 

97 6 

96 4 

1 8 

5 2 

6 5 

300 

2200 

6340 

97 9 

98 0 

97 9 

96 8 

1 6 

5 0 

6 5 

450 

2850 

8420 

98 2 

1 

98 3 

98 1 

97 2 

15 

4 9 

__ 

i 6 5 


56. Performance of 60-cycle, Single-phase, Air-cooled Transformers 

Standard Voltage of 2,400 Volts on High-voltage Side 




i 

t I 

Efficiencies at 75°C 

Regulation at 

7-0/ . 


Kva. 

No load 
loss 

Tot al 
loss at 
75 °C. 

1 

Full 

S 4 

j 

| 

1 

! i i 

100% 

P f 

80 % 
p.f. 

% irn- 
1 pedance 
! at 75 °<\ 

150 

755 

2265 

98 51 

98 60 

98 51 

1 97 78 

! 

1 2 

3 8 

5 0 

200 

925 

2890 

98 58 

98 66 

98 60 

97 95 

1 1 

3 8 

5 0 

250 

1080 

3495 

98.62 

98 72 

98 67 

98 07 

1 1 

3 8 

5 0 

333 

1325 

4460 

98 68 

98 78 

98 75 

98 201 

1 1 

3 6 

5 0 

500 

1760 

6315 

98 75 

98.86 

98 85 

98 39 

1 1 

3 7 

5 0 


57. Small power transformers (Figs. 5 and 26) are constant-potential, 
self-air-cooled transformers for industrial purposes. The windings are 
completely enclosed in metal casings. They are available in single and 
three-phase construction of conventional or autotransformer types with 
cases designed for open or conduit wiring. Single-phase units are avail¬ 
able in sizes up to 50 kva., while three-phase units are made as large as 
150 kva. Primary voltage ratings range from 125 to 2,400. Standard 
secondary voltages are 115/230 or 230/460. 

58. Small power transformers (Fig. 27) are available for taking power 
from motor disconnecting switches for localized lighting at the machine. 
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f 

Fia. 26. -Small powei ti ansformers, self air-cooled. {General Electric Co.) 

Types are available for operating 115-, 64-, 32-, or 6-volt lamps from 
115-, 230-, 460-, or 575-volt power circuits. Standard sizes are 75, 150, 
225, and 300 watts. 

69. Sign-lighting trans¬ 
formers are single-phase, con¬ 
stant-potential, self-air-cooled 
transformers for stepping down 
from 115 or 230 volts to the 
proper voltage for low-voltage 
incandescent lamps in signs. 

They are made in sizes up to 5 
kva. with the windings com¬ 
pletely enclosed in metal casings. |*f 

60. Control and signal trans¬ 
formers are constant-potential, 
self-air-cooled transformers for 
the purpose of supplying the ^ 

proper voltage for control circuits 
of electrically operated switches 
or other equipment and for 
signal circuits. They may be of Fig. 27.—Small power transformer 
the open type with no protective for unit machine lighting. (American 
casing over the windings or of Transformer Co.) 
the enclosed type with a metal casing over the windings. Some of the 
available mounting types are shown in Fig. 28. 
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III VI 

Fig. 28.—Control and signal transformers. (I) Core-and-coils, only. 
(II) Core-and-coils, with mounting feet. (Ill) Transformer with two 
secondary windings. (IV) Core-and-coils with end cases and plate for 
junction-box mounting. (V) Core-and-coils, with end cases, high-voltage 
leads, low-voltage solder lugs. (VI) Transformer with junction box. {Gen¬ 
eral Electric Co.) 
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61. Transformers for many gaseous-discharge lamps must be of the 
varying-voltage type. These transformers are designed so that the 
secondary voltage drops rapidly with load. This voltage characteristic 
is accomplished by means of a three-winding transformer with magnetic 
leakage paths between the primary and each 
secondary, as shown in Fig. 29. As the load 
increases, the leakage flux of the primary pro¬ 
duces a greater voltage drop in the primary 
winding, thereby reducing the secondary volt¬ 
age. Some of these transformers are equipped 
with a capacitor mounted inside the same enclos¬ 
ing case, for power-factor improvement. The 
transformers are of the self-air-cooled type. 

Various mounting types for luminous-tube work 
are shown in Fig. 30. 

62. Bell -ringing transformers (Fig. 31) are 
especially designed small-capacity, constant- 
potential transformers for applications such as 
1 he operation of doorbells, buzzers, door openers, and annunciators. They 
are self-air-cooled units enclosed in metal cases. They may be obtained 
for primary voltages of 120 or 240 with a single secondary voltage of 10 
or with three secondary voltages of 6, 12, and 18. 

63. Instrument transformers are employed for the purpose of stepping 
down the voltage or current of a circuit for the operation of instruments, 
such as ammeters, voltmeters, wattmeters, etc., and relays for various 
protective purposes. It would be practically impossible to build delicate 
devices such as instruments and relays so that they would have satisfac¬ 
tory insulation for high voltages. Frequently such devices while ener¬ 
gized must be accessible to operators, so that it is necessary to have the 
devices insulated from the high-voltage circuit. Instrument transformers 
are of two types: potential and current. They are made in various 
types depending upon the voltage of the circuits, requirements of installa¬ 
tions, and accuracy required. Instrument transformers will always 
introduce a certain amount of error into the readings obtained on instru¬ 
ments supplied by them. The transformers are not rated on a thermal 
basis of the load which they can safely carry, but upon an accuracy basis. 
The volt-ampere rating is the load which the transformer will carry 
without exceeding the specified accuracy limit. If accuracy can be 
sacrificed, the transformers can be used for loads considerably above their 
rated values. Instrument transformers are made in indoor, outdoor, and 
portable types for test purposes. Potential transformers have a normal 
secondary voltage of 120 volts. Current transformers have a normal 
secondary current of 5 amp. Typical instrument transformers are shown 
in Figs. 32 and 33. 



Fig. 29. —Cross sec¬ 
tion of a typical neon- 
sign transformer, show¬ 
ing windings and leak¬ 
age paths in magnetic 
circuit. 
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I High-powei factoi trailsformei 



III Thm type transfoimer for 
7,500 volts or below 


II Low-power factoi transformoi 
showing how high-voltage cables are 
attached 



IV Combination suspension or 
standing type mdooi transformei 
Ananged for suspension from ceiling 
by hanger brackets 



V Electiode type transformer VT Transformer without easing 
Fig 30 —Various types of luminous-tube transformers. (General Electric Co) 
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III IV 

Fio. 31.—Bell-ringing tranBformei s. (I) Conventional transformer. (II) 
Transformer for square outlet box mounting. (Ill) Transformer for round 
or octagonal outlet box mounting. (IV) Transformer with three available 
secondary voltages. (W estinghouse Electric & Manufacturing Co.) 


64. Standard Accuracies for Current Transformers for Metering Service 

(Standards for relay service have not been established) 


('lass 

Limits of ratio 

erroi, per rent 

Limits of phase angle, min. 

100 per cent ' 
rated current 

10 per cent 
rated current 

100 per cent 
rated current 

10 per cent 
rated current 

1 

±1 

±2 

±40 

±80 


±0.5 

±1 

±20 

±40 

H 

±0.25 

±0.5 

±10 

±20 

M 

* 

a 

a 

b 


° Class M accuracy is applicable to 1,000-volt service or less and X burden only. 
The ratio and phase-angle limits shall be such that their combined effect on the aocuracy 
of the ourrent transformer, from 10 to 150 per oent of rated current and at any load power 
faotor from 50 per oent lagging to unity, shall not produce an error exceeding 0.5 per cent 
at the watthour meter. 
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Type W-l, three-wire Type Fw Type FB 







i • 

Type WO 



Type RO 



Type UO Type HO 

II 

Fig. 32. —Typical current instrument transformers. (I) Indoor types. 
(II) Outdoor types. (Weetmghouse Electric & Manufacturing Co.) 
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III IV 

B 

Iio 33—Typical potential instrument transformers (I) Dry-type trans- 
f 01 mer 6210-7590, 11,500 and 1*,800 volts (II) Fifty-volt-amp , 60-cycle, 
2,200-volt, diy-type transformer (III) Dry type, 6,600 volts (IV) 
Oil type, 13,200 volts A are mdooi types, B outdoor types. {General 
Electric Co) 


66. Standard Accuracies for Potential Transformers 


Class 

Limits of ratio error per cent 

Limits of phase angle, min 

1 

±1 

±40 

H 

±0 5 

±20 

H 

±0 25 

±10 


These limits shall apply from 10 per cent above rated voltage to 10 per cent below rated 
voltage at rated frequency 
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60. The current transformer (“Standard Handbook”) considered 
electrically, and omitting any reference to the change in its design to 
accomplish its specific duty, differs from the shunt or potential trans¬ 
former merely in the method of use. The latter transformer is ordinarily 
supplied with a constant impressed voltage, the load being changed by 
varying the impedance (load) of the total secondary circuit, while the 
total impedance of the secondary circuit of the former transformer is 
normally held constant, and the change in load is due to a simultaneous 
change in the primary current and e.m.f. In the potential transformer 
the actual ratio of the primary to the secondary current is of minor 
importance, while every effort is made to design the apparatus so that the 

ratio of the secondary power to the 
primary power is as nearly unity as 
possible. In the design of a series trans¬ 
former no thought whatsoever is given to 
the ratio of the primary and secondary 
watts, but attention is concentrated on the 
endeavor to obtain a definite ratio of 
secondary to primary amperes. 

The electric and magnetic circuits of a 
current transformer can conveniently be 
represented by the diagram shown in Fig. 
34, where it is used for reducing the line 
current to a value suitable for measure¬ 
ment b}' a low-reading ammeter, which 
may be thoroughly insulated from the main circuit. Neglecting the small 
transformer loss, the current through the ammeter A is, since the ratio of 
turns M = 2:5, equal to two-fifths the line current II. 

67. Application of the Current Instrument Transformer. —When an 
alternating current is so large that to connect measuring or operating 
instruments directly in the circuit would be impracticable, or when the 
voltage is so high that to do so would be unsafe, the current transformer 
provides a means of reproducing the effect of the primary current on a 
scale suited to the instrument and of insulating the instrument from the 
main circuit. It is a special development of the transformer principle in 
which a constant ratio of primary to secondary current is the important 
consideration instead of the usual constant ratio of primary to secondary 
voltage. 

Current transformers are used with a-c ammeters, wattmeters, power- 
factor meters, watthour meters, compensators, protective and regulating 
relays, and the trip coils of circuit breakers. It is a standard practice in 
this country to design current transformers (regardless of their capacity 
or ratios of transformation) to supply a rated secondary current of 
5 amp. 


Ammeter 



Fig. 34.—Elementary series 
transformer. 
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Example .—A 600-amp. current transformer has a ratio of 120:1, when a current 
of 600 amp. flows in the primary circuit, 600 + 120 - 5 amp. will flow in the secondary 
circuit. 

Measuring instruments for use with these transformers are so designed 
and are provided with scales such that they give a normal scale deflection 
when 5 amp. flows through them. 

68. It is unsafe to open the secondary circuit of a current transformer 
when there is any current in the primary. When the secondary circuit is 
closed, the current in this circuit creates a m.m.f. which is in opposition to 
the m.m.f. of the primary current, and the core flux is thereby limited 
to the value necessary to generate in the secondary coil an e.m.f. sufficient 
to produce therein a current only slightly less than the primary current 
in magnetizing effect. When the secondary is open there is no opposing 
m.m.f. for limiting the core flux, which may reach a high value. Thus 
even a small value of primary current produces an excessive value of core 
flux and a correspondingly large secondary e.m.f. The secondary voltage 
under these conditions reaches a value which may both damage the insula¬ 
tion and prove dangerous to life. Absolutely no harm can come from 
short-circuiting the secondary terminals of the current transformer, and 
this method is used when it is necessary to insert or disconnect instru¬ 
ments in the secondary circuit. 

69. The Constant-current Transformer (“Standard Handbook”)*— 
The operation of low-voltage lamps in parallel on a constant-potential 
system necessitates a prohibitive expenditure for conducting material 
when the area to be lighted is extensive and the lamps are widely sepa¬ 
rated. For such service it is the common practice to operate the lamps, 
which are connected in series, with a constant current. The constant- 
current transformer is a special form of transformer which converts 
alternating current at a constant potential to a constant (alternating) 
current with a voltage varying with the load. It consists of a primary 
coil upon which the constant voltage is impressed, a secondary coil (or 
coils) movable with respect to the primary, and a core of low magnetic 
reluctance. It depends for its regulation upon the magnetic leakage 
between the primary and secondary coils. 

Consider first the primary coil; with the constant e.m.f. impressed upon 
this coil the total magnetism within the coil will be practically constant 
under all conditions. The e.m.f. generated in the secondary will depend 
upon the strength of the field which it surrounds. In all types of station¬ 
ary transformers the secondary current is opposite in general time 
direction to the primary, so that not only is there a repulsive thrust 
between the two coils but also a considerable tendency for the magnetic 
lines from the primary to be forced out into space without penetrating 
the secondary. In the ordinary constant-potential transformer the 
repelling action between the two currents is prevented from producing 
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motion of the coils by the rigid mechanical construction, while the 
proximity of the primary and secondary coils limits the magnetic 
leakage. 

In the constant-current transformer, however, the repelling action is 
utilized to adjust the relative positions of the primary and secondary 
coils; when the coils are widely separated the paths for the leakage lines 
are increased and the lines which the secondary surrounds are fewer than 
when the coils are quite close together. The counterweights mechanically 
attached to the movable coil (or coils) are so arranged that when the 
desired current exists in the secondary coil (independent of its position 
along the core) the weights are just balanced. An increase in the current 
increases the repulsion and causes the coils to separate. With any 

current less than normal, the repelling 
force diminishes and the primary and 
secondary coils approach each other, 
thereby restoring the current to normal. 
The primary can be wound for any reason¬ 
able potential (say as high as 10,000 volts) 
while the secondary can be wound for the 
voltage required for operating the number 
of lamps in the circuit—from 15 to 200 or 
more lamps. 

70. Mechanical Construction of 
the Constant-current Transformer. —The 

magnetic circuit of a constant-current 
transformer is usually of the “shell” type, 
the three limbs being placed vertically. 
In small sizes (Fig. 35) one of the coils is 
Fig. 35. — Con stant-current arranged in a fixed position while the other 
transformer. is movable. In some of the larger sizes 

there are two fixed primary coils and 
two movable secondary coils, while in others both the primary and 
secondary coils are movable. In any event the gravitational action on 
the movable coil, or the gravitational action of one movable coil against 
another to which it is mechanically interconnected, is counterbalanced 
accurately with an excess or deficiency just equal to the repulsive thrust 
of the primary and secondary coils at the desired load current. By the 
use of cam mechanisms for the counterweights, or of eccentrically placed 
extra weights, the excess force of the counterweights may be arranged 
to be equal to the variable repulsive thrust corresponding to a constant 
value of current in the coils at all positions of the movable coils. In 
fact, the transformer may be adjusted to regulate for a current of constant 
value at all loads or for one which either increases or decreases with 
increase of loads, while both the real value of the load current and its 
rate of change with the variation in load may be adjusted at will. In 
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order to prevent any “hunting” action of the movable coils each trans¬ 
former is sometimes equipped with a dashpot (see Fig. 35). 

71. Commercial constant-current transformers are built for natural 
air cooling or for immersion in oil. Oil has proved an excellent medium 





I 


II 



III IV V 

Fio. 36.—Series transformers for operation from series street-lighting 
circuits. (I) Type with wiping nipples. (II) Manhole type with primary 
disconnecting terminals. (Ill) Aerial type. (IV) Combined transformer 
with disconnecting pothead. (V) Group series transformer, aerial or subway 
type, 1 to 4 kva. (W estinghouse Electric & Manufacturing Co.) 


for insulation, cooling, and lubrication. This type of transformer is 
extensively used for series street-lighting service with either gaseous- 
discharge or incandescent lamps. The efficiency of a constant-current 
transformer is high, being about 96 per cent at full load for a 100-lamp 
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transformer. The power factor, which depends upon the magnetic leak¬ 
age, is low at all loads; it reaches from 75 
to 80 per cent at full-load and decreases 
therefrom in almost direct proportion to 
the decrease in load. 

Constant-current transformersare 
made in outdoor-pole-mounting, subway- 
mountmg, and indoor-station types. A 
primary voltage of 2,400 is standard. The 
secondary current may be 6.6 or 20 amp. 
The standard ratings are 5, 10, 15, 20, 25, 
30, 35, 40, 50, 60, and 70 kw. 

72. Series transformers are for use with 
series incandescent street lamps for opera¬ 
tion of lamps at a different value of cur¬ 
rent from that of the main series circuit or for isolation of a lamp of the 
same current value as the main circuit from the main circuit, which 
operates at a high voltage. 

The principle of operat ion 
is the same as for instru¬ 
ment current trans¬ 
formers. The primary is 
connected in series with 
the main series circuit. 

The lamp or lamps are 
connected to the second¬ 
ary. These transformers 
are made in single-lamp 
types for operating one 
6.6-, 15-, or 20-amp. series 
lamp from a 6.6-amp. 
main circuit; in two-lainp 
series type for operating 
two 6.6-, 15-, or 20-amp. 
series lamps connected in 
series to the secondary; in 
two-lamp multiple type 
for operating two 6.6-, 15-, 
or 20-amp. series lamps 
connected to two separate 
secondaries; in group series 
type for operating a group 
of 6.6-amp. series lamps 
connected in series to the 
secondary; and in single-lamp type for operating a single 115-volt lamp 




- Hand wheel for 
manual operat/on 

- Capacitor -type 
operating motor 
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for motor 
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inclosing 
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Fia. 38.—Motor-operated 3.6-kva. regulator 
complete, showing lead construction. 



Fig. 37.—Section through a 
single-phase, induction-type, 
potential regulator. 
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from a series 6.6-amp. main circuit. The group series type is made in 
ratings of 0.25, 0.5, 1.0, 2, 3, 4, 5, 7.5, and 9.0 kva. The single-lamp type 
lor 115-volt lamp is made in sizes to accommodate one lamp of any watt 
size from 40 to 1,000 watts. They are made in types for vault or subway 
mounting, for mounting in base of ornamental lighting pole, and for pole 
mounting (Fig. 36). 

73. The induction regulator (Figs. 37 and 38) is a special type of trans¬ 
former, built like an induction motor with a coil-wound secondary, which 
is used for varying the voltage delivered 
to a synchronous converter or a-c feeder 
system. In comparison with a variable- 
ratio transformer it possesses the advan¬ 
tage of being operated without opening 
the circuit and without short-circuiting 
any transformer coil. The primary of the 
induction regulator is subjected to the 
constant voltage of the supply system, 
the delivered voltage obtained from the 
secondary winding being varied by rotat¬ 
ing the pmnary structure through a 
certain number of degrees with reference 
to the secondary structure. The primary 
structure is normally stationary, although 
it is movable either automatically or by 
hand for the purpose of varying the 
secondary voltage. 

74. The step-by-step potential regulator 

is merely a stationary transformer pro- Fig. 39.—Single-phase, step- 

vided with a large number of secondary by-step type potential regula- 
taps and equipped with a switching tor ‘ 

mechanism for joining any desired pair of these taps to the delivery cir¬ 
cuit, according to the e m.f. required. A diagram of the circuits of a 
regulator of this type is shown in Fig. 39. In comparison with the induc¬ 
tion type of regulator the step-by-step type is less noisv in operation, 
requires less magnetizing current, and is more rapid in action. However, 
it provides only a limited number of voltage steps and may give trouble 
irom arcing at the switch contacts. 

CONNECTIONS—POLARITY 

75. Polarity of Transformers. —The windings of a transformer are 
usually so connected to the leads extending out through the case that 
the direction of flow of the alternating current or the polarity of the 
transformer at any given instant is the same in all the corresponding 
leads of transformers of the same type. 
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Example .—The transformer of Fig. 40 is so connected internally that at an instant 
when current is flowing inwardly through the primary lead A it flows outwardly through 
the secondary lead C. The polarities of the single-phase transformers of practically 
all the large companies are as shown in Fig. 40. Where a transformer of a certain 
polarity is connected, without transposing its leads, in parallel with one of a different 
polarity the effect is the same as that of a short circuit on both units. Where such an 
incorrect connection has been made it can be corrected by reversing either the primary 
or the secondary leads. 

76. The arrangement of the windings of a trans¬ 
former does not necessarily determine its polarity. 

Polarity—so called—has to do only with the plan or 
arrangement adopted in bringing the leads out of 
the case. Interchanging the positions of the leads 
that extend through the bushings in the case will 
change the polarity of the transformer. 

77. Tests for Polarity of Single-phase Trans¬ 
formers. —Where a standard transformer of known 
correct polarity and of the same ratio and voltage 
as the transformer to be tested is available, the 

following simple method can be used: Connect together (Fig. 41, I) the 
high-tension and the low-tension leads as if for parallel operation, insert¬ 
ing a fuse in one of the secondary leads. If both transformers are of the 
same polarity, no current will flow in the low-tension windings, and the 
fuse will not blow. If the transformers are of opposite polarities the low- 
tension windings will short-circuit each other, and the fuse will blow. 
The fuse should be sufficiently small so that there can be no possibility of 
injuring the transformers. 



ard instantaneous 
polarities. 



Fig. 41.—Testing transformers for polarity. 

A method of testing for polarity of single-phase transformers with a 
voltmeter is shown in Fig. 41, II. Connect the transformer as shown. 
Make, successively, voltmeter readings F, Fi, and F 2 . If the trans¬ 
former has what is called additive polarity, F + Fi will equal F 2 . If 
the transformer has what is called subtractive polarity Fa will equal 
F — Fi. For example, in Fig. 41, II the transformer has additive 
polarity, and the primary line voltage, F (2,200 volts) plus the secondary 
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transformer voltage Vi (220 volts) equals the voltage between A and 
B, or 2,420 volts. With subtractive polarity the voltmeter V 2 would 
read (2,200 - 220) 1,980 volts. 

SINGLE-PHASE CONNECTIONS 

78. Connections for standard distribution transformers are shown in 
Figs. 42 and 43. Distribution transformers of medium and small capac¬ 
ity are almost invariably arranged with two secondary coils, which may 
be connected in series or parallel with each other so that the same trans¬ 
former may be used to supply either of two different secondary voltages, 
or a three-wire system. In transformers of the 120/240-volt type their 
secondary windings can be so connected as to deliver 120 or 240 volts or 
for a 120/240-volt, three-wire circuit. The connections of the secondary 
coils are made, either by splicing the secondary leads or with connectors, 
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Fig. 42.- Connections of standard distributing transformers. 


outside the transformer case. Some transformers are constructed with 
two primary coils as shown in Fig. 42. By making the necessary primary- 
coil connections, they may be used on primary circuits of either of two 
voltages. Standard practice with respect to number of coils and voltage 
ratings is given in Secs. 34 and 35. 

79. Transformer connections for three-wire secondary service are 

shown in Figs. 42, 43, and 44. In the arrangement Figs. 42 and 43, one 
transformer only is used. Its secondary windings are connected in series, 
and a tap is made to the point of connection between the two windings, 
providing 240 volts between the two outside wires and 120 volts on each 
of the side circuits. The transformer should have a capacity equal to 
the load to be supplied, and the three-wire circuits should be carefully 
balanced. If the three-wire circuits are decidedly unbalanced, the 
transformer should have a capacity equal to twice the load on the most 
heavily loaded of the two side circuits. 
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In Fig. 44, two transformers are shown connected to serve a three-wire 
circuit. The three-wire load should be balanced as nearly as possible, 
and where it is very nearly balanced each transformer should have 
a capacity equal to one-half of the total load. If the load is badly 
unbalanced, each transformer should have a capacity equal to the 
load on its side of the circuit. See discussion of Parallel Operation. 



Primary Coils in Parallel 

Primary Coils in Parallel Secondary Coils in Serie6 f Primary Coils In Series, 

Secondary Coils in Parallel Three-Wine Connection Secondary Coils in Series 


Fig. 43.—Method of interconnecting transformer secondaries with connectors. 



Fig. 44. Two transformers serving a three-wire circuit 

TWO-PHASE CONNECTIONS 

80. Transformers connected to four-wire, two-phase circuits arc 

bhown in Fig. 45. As a rule, two-phase primary linos arc four wire as 
shown, and to such a four-wire line the transformers are connected to 
each of the side circuits, as if each side circuit were a single-phase circuit 
not having any connection with the other. The total load should be so 
divided between the phases that the loads on each will be equal as nearly 
as possible. Each transformer should be designed for line voltage and 
will carry line current. Each transformer should have a kilovolt-ampere 
capacity equal to one-half of the kilovolt-ampere load that is served by 
the two transformers. 
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81. Transformers connected to three-wire, two-phase circuits are 

shown in Fig. 46. The current in the center line wire AA for balanced 
load is 1.41 times the current in either of the outer wires. Each trans¬ 
former has line voltage impressed on it and carries one-half the total load. 



Fig. 45.—Transformers, two-phase to two-phase, four-wire connection. 


A General Electric Co. publication comments thus: “Considerable 
unbalancing of voltage at the end of a transmission line or cable is experi¬ 
enced with the three-wire, two-phase system owing to the mutual induc¬ 
tion between phases. Where the power factor is low, a still worse 
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Fm. 46.- Connections for transformers on three-wire, two-phase circuits. 


regulation is obtained, making satisfactory operation difficult. Very 
few systems now operate on this plan, and practically all of them could 
be improved by the use of some other system.” 

82. Mixed connections ore sometimes made with two-phase trans¬ 
formers as shown in Fig. 47. With improper connections such as those 
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shown, difficulty will be experienced in the operation of motors and 
they may not run at all. 



Mixed Primary Mixed Secondary Proper Connections 


Fig. 47.—Correct and incoriect connections for transformers serving two- 

phase motors. 

THREE-PHASE CONNECTIONS 

83. Comparison of one three-phase transformer as against a group of 
single-phase transformers (“Standard Handbook”) that may be 
employed for obtaining the .same service has been summed up by J. S. 
Peck as follows: Advantages of three-phase transformer: (1) lower cost, 



Three-phase secondary U—e —►! 

Fig. 48.—Transformers, delta-connected on both primary and secondary on 
three-phase circuits. 


(2) higher efficiency, (3) less floor space and less weight, (4) simplification 
in outside wiring, and, (5) reduced transportation charges and reduced 
cost of installation. The disadvantages of the three-phase transformer 
are: (1) greater cost of spare units, (2) greater derangement of service 
in the event of breakdown, (3) greater cost of repair, (4) reduced capacity 
obtainable in self-cooling units, and (5) greater difficulties in bringing 
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out taps for a large number of voltages. It is considered that the three- 
phase transformer has certain real and positive advantages over the 
one-phase type, while its disadvantages are chiefly those which result in 
the event of breakdown—an abnormal condition which occurs at rarer 
and rarer intervals as the art of transformer design and manufacture 
advances. ' 

84. Transformers with both primary and secondary coils delta (A) 
connected are shown in Fig. 48. All three of the transformers are con¬ 
nected in series in a closed circuit, and each line wire is connected to the 
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Fig. 49. —Transformers, star-connected on both primary and secondary on a 
three-phase circuit. 


connection between two of the transformers. The voltage imposed on 
either the primary or secondary of the transformer is the primary or 
secondary line voltage, respectively. The current in either winding « 
line current \/3> or line current X 0.58. The kilovolt-ampere 
capacity of each transformer should be equal to one-third the total 
kilovolt-amperes of the load to be served. The total kilovolt-ampere 
load transmitted by a balanced three-phase line = 1 . 73 IE (where 1 is 
the line current in each line wire and E is the voltage between wires). 
Therefore, the kilovolt-ampere capacity of each transformer should be 
1 . 73 IE - 7 - 3 =* 0.58 IE . 

85. Transformers with both primary and secondary coils, star con¬ 
nected, from a three-wire primary circuit, are shown in Fig. 49. The 
current in each transformer winding is the same as the line current, and 
the voltage imposed on each winding = line voltage 4 - \/3 ** Hne 
voltage X 0.58. The kilovolt-ampere capacity of each transformer 
should be equal to one-third the total kilovolt-amperes of the load to be 
served. The total kilovolt-ampere load transmitted by a balanced 
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three-phase line « 1.73 IE (where I is the line current in each line wire 
and E is the voltage between wires). Therefore, the kilovolt-ampere 
capacity of each transformer should be 1.73 /E 3 — 0.58 IE. 

The star-star connection is seldom used. 

The same grouping except that the primary circuit is four wire is shown 
in Fig. 50. In thus connecting transformers from a four-wire primary 
circuit it should be remembered that each right-hand primary terminal 
connects with a line wire and each left-hand terminal connects with the 
neutral wire or the reverse, respectively. The voltage and current 
relations are shown in the illustration. 



Fig. 50.—Transformers, star-connected on hoth primary and secondary on 
three-phase circuits (four-wire primary circuit). 


Transformers which are star-star connected will have a strong third 
harmonic present in their secondary voltage. This voltage would pro¬ 
duce a considerable flow of charging current from lines to ground, which 
would result in inductive disturbances. In order to eliminate this effect, 
transformers connected in this manner should be provided with an 
auxiliary secondary winding on each phase, called tertiary windings. 
The tertiary windings are connected into a closed delta. Sometimes the 
tertiary windings are used to supply some active load as well as provide 
the correction of the third harmonic. 

86. Transformers delta-connected to the primary circuit and star- 
connected to the secondary circuit are shown in Fig. 51. Any group 
of transformers can have either their primary or secondary coils con¬ 
nected in either star or delta. With the primary delta-connected and 
the secondary star-connected as shown, the secondary voltage will be 
1.73 times what it would be if it were delta-connected. • For example, in 
the illustration (the transformers are assumed to have a 5.5:1 ratio) with 
a delta secondary connection the secondary line voltage would be 13,200 
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5.5 ** 2,400 volts, but with a star or Y secondary connection the 
secondary voltage is 2,400 X 1.73 ■» 4,160 volts. It should be noted 
that with a delta-connected primary an increase of 15 per cent in the 



Fig. 51.—Transformers, delta-eonneeted, primary and star-eonneeted 

secondary. 


primary voltage and a star secondary connection will make the secondary 
voltage twice what it would be with delta connection and normal primary 
voltage. 



Fig. 52.—Transformers, star-connected primary and delta-connected 

secondary. 


87. Transformers star-connected primary and delta-connected 
secondary are shown in Fig. 52. This is the reverse of the grouping 
described in Sec. 86 , and the secondary voltage will be but 0.58 times 
as great as if both secondary and primary were star-connected. The 
transformers shown have a ratio of 10:1. 













940 


AMERICAN ELECTRICIANS* HANDBOOK [Div. 6 


88. The Three-phase V or Open-delta Connection (Figs. 53 and 54).— 
Line voltage is impressed on each transformer, and line current flows in 
each transformer coil. This method is considerably used for motors 
but has the objection that if one of the transformers becomes inoperative 
the three-phase circuit served will be fed by but one transformer and 
hence will be inoperative. (The reversed-V connection is indicated at 
the primary side in Fig. 54.) 
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Fig. 53.—Transformers, V- or open-delta primary and secondary (three-wire, 
three-phase primary circuit and three-wire, three-phase secondary circuit). 
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Fig. 54. —Transformers, primary-connected in reversod-V and secondary 
V-connected (four-wire, three-phase primary circuit and three-wire, three 
phase secondary circuit). 


The combined capacity of two transformers (Gear and Williams) con¬ 
nected by this method and serving a given load should be 15.5 per cent 
greater than the combined capacity of three transformers delta or star 
connected and serving the same load. For instance if three 5-kva. 
transformers (total capacity 15 kva.) are required for a certain installation 
and they are replaced by two 7J^-kva. transformers (total capacity 
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15 kva.), the two transformers will be overloaded by 15.5 per cent at a 
full load of 15 kw. at 100 per cent p.f. 

For example, assume that in a three-transformer installation the 
current in the secondary line is 17.3 amp. This imposes a load of 10 
amp. on the transformer secondary coils. At 200 volts this is 2 kw. per 
transformer or 6 kw. in all. If two 3-kw. transformers are put in 
to replace the three 2-kw. units, the capacity of the secondary coils would 
be 15 amp. But, as above noted, with the open-delta connection the 
current in the secondary coil is the same as the current in the line, and 
the 15-amp. winding must carry 17.3 amp. or 15.5 per cent overload. 

In the grouping of Fig. 53, to reverse the direction of a motor served 
by the group, interchange any two of the primary phase wires or reverse 
any two of the secondary wires. 

In some cases two transformers for open-delta grouping of proper aggre¬ 
gate capacity to serve a given load will be cheaper than three transformers 
for star or delta grouping to serve the same load, but this is not always the 
case. 

89. Disadvantages of the V or Open-delta Connection (“ Standard 

Handbook ”).—For normal operation not only must each of the V-con- 
nected transformers be larger than each of the delta-connected trans¬ 
formers, but the two transformers must have a combined rating 15.5 
per cent greater than the three transformers. This fact taken alone does 
not represent a disadvantage of the V-connection, because the two larger 
transformers are exactly equal in constructive material and operating 
efficiency to the three smaller transformers. The real objection to the 
V-connection for serious work resides in the tendency for the local 
impedance of the transformers to produce an enormous unbalance of the 
secondary voltages and of the primary currents. In spite of this dis¬ 
advantage (which is really of little consequence in 2,200-volt primary, 
distribution work) many V-connected groupings are in satisfactory 
operation. 

90. Comparison between the Delta, the Star, and the Open-delta 
Methods of Connection (“Standard Handbook”).—The choice between 
the methods would be governed largely by the service requirements. 
When the three transformers are delta-connected one may be removed 
without interrupting the performance of the circuit—the two remain¬ 
ing transformers, in a manner, acting in series to carry the load of the 
missing transformer. The desire to obtain immunity from a shut-down 
due to the disabling of one transformer has led to the extensive use of the 
delta connection of transformers, especially on the low-potential delivery 
side. It is to be noted that in case one transformer is crippled the other 
two will be subjected to greatly increased losses. 

Thus, if three delta-connected transformers be equally loaded until 
each carries 100 amp., there will be 173 amp. in each external circuit 
wire. If one transformer be now removed and 173 amp. continue to 
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be supplied to each external circuit wire, each of the remaining trans¬ 
formers must carry 173 amp., since it is now in series with an external 
circuit. Therefore, each transformer must now show three times as 
much copper loss as when all three transformers were active, or the total 
copper loss is now increased to a value of six relative to its former value 
of three. An open delta installation is made frequently where con¬ 
siderable future increase in load is expected. The increase can be 
accommodated by adding the third transformer to the bank at a later 
date and thus increasing the capacity of the load that can be carried by 
about 75 per cent. 

A change from delta to Y in the secondary circuit alters the ratio of the 
transmission e.m.f. to the receiver e.m .f. from 1 to \/3. On account of this 
fact, when the e.m.f. of the transmission circuit is so high that the successful 
insulation of transformer coils becomes of constructive and pecuniary 
importance, the three-phase line sides of the transformers are connected 
in “star” and the neutral is grounded. The windings of most trans¬ 
formers operating on systems of 100,000 volts or more are star connected. 

See also Sec. 89 regarding properties of an open-delta connected group. 

91. Comparative Cost of Transformers for Different Grouping for 
Three-phase Service. —The following table shows the costs in 1930 
of the single-phase transformers, of proper capacities for either a delta 
or an open-delta grouping and of a three-phase transformer to serve a 
75-kva. installation. The relative costs will be the same for the present 
date. 


Method of connection or 
grouping 

-, 

Number of 
transformers 
required 

Capacity of 
each trans¬ 
former, kva. 

Aggregate 

capacity 

Cost per 
trans¬ 
former 

Aggre¬ 

gate 

cost 

Delta (A). 

3 

25 

| 75 

*317 

*951 

Open Delta (V) a . . 

2 

50 

100 

522 

1,044 

Three-phase transformer 

1 

75 

75 

i 

950 

950 


• The theoretical aggregate capacity of two single-phase transformer for open-delta 
grouping for a 75-kva. thiee-phase load would be (see 88): 75 X 1.15 “ 8b.3 kva. or 
86.3 t 2 « 43.2 kva. per transformer. The nearest commeicial capacity to 43.2 kva. 
is 50 kva., which gives an aggregate capacity of 100 kva. 

92. Polarity of Single-phase Transformers Connected in Banks on 

Three-phase Circuits (W. M. McConahey, Electric Journal ).—A stand¬ 
ard star-delta connection with six single-phase transformers is shown 
in Fig. 55. The polarity of No. 6 is the reverse of that of the other five. 
If the polarity of all six transformers were the same, No. 6 would be 
connected in a manner similar to that of No. 3 instead of having the con¬ 
nections of one winding reversed. If the polarity of all the transformers 
is the same, all banks should be connected to the line in exactly the 
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same manner. It is possible to connect one bank differently from the 
others and still secure parallel operation, but this is not advisable, 


High - Tension Circuit Reversed Connection 



Ion-Tension Circuit 

Fig. 55.—Single-phase ti ansformers connected in a bank on a three-phase 

circuit 

because it is apt to lead to confusion and tiouble. It is best to adopt one 
scheme of connection and to adhere to it. 


SPECIAL TRANSFORMER CONNECTIONS 

93. Transformers connected for transforming from three-phase to 
two-phase or the reverse are illustrated m Fig 56, which shows what is 


Three-Phase. Primary Circuit 



Two-Phase, Secondary Circuit ’ 


Fia. 56.—Transformers connected for three-phase to two-phase transforma¬ 
tion. 


known as the Scott connection. The transformers required are special, 
and each has a lead brought out from the middle point of the high-tension 
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winding, and a special voltage tap is arranged giving 86.6 per cent 
of the high-tension winding. Usually two transformers just alike are 
purchased so that they will be interchangeable. These special trans¬ 
formers can be purchased from any of the large manufacturers. Those 
shown are Westinghouse transformers. Two standard single-phase 
transformers for such service should have an aggregate kilovolt-ampere 
rating 15K per cent greater than their group or nominal rating. 

94. Explanation of the Transformation from Three-phase to Two-phase 
(“Standard Handbook”).—Assume the simple ease of a total power of 
30,000 watts, 1.0 p.t., at 100 volts, three-phase, to be transformed 
(without loss) to 30,000 watts, 100 volts, two-phase (see Fig. 57). Assum¬ 
ing that the load is balanced on 
the two-phase side, there will be 
15,000 watts per phase, or 150 
amp. at 100 volts. Since the 
three-phase power is represented 
as \/3 IE — 30,000, where I is 
the current per line wire and E 
is the e.in.f. between line wires, 7 
must equal 173.2 amp., because 
E has been taken as 100 volts. 

As shown in Fig. 57, the three- 
phase coils of one transformer 
must be designed for 100 volts 
and 173.2 amp. while the three- 
phase coils of the other trans¬ 
former must be designed for 86.6 
volts and 173.2 amp. The current through the coil CD divides equally, a 
part (86.6 amp.) goes through DA and an equal part (86.6 amp.) passes 
differentially through DB; thus the m.m.f. of these two currents has a 
resultant of zero, and it has no effect upon the core flux so far as trans¬ 
former T f is concerned. The coil ADB carries a total value of current of 
173.2 amp. throughout all its turns, but the current in one half is 60 time 
degrees out of phase with that in the other half. That is to say the 173.2 
amp. in one half is made up of a load current of 150 amp., in leading time 
quadrature with which is 86.6 amp., while that in the other half is made 
up of a load current of 150 amp., in lagging time quadrature with which is 
a superposed current of 86.6 amp. The magnetizing effect of the 173.2 
amp. is, therefore, 150 amp., and the current in the two-phase side of 
transformer T* is 150 amp. In the T transformer the m.m.f. of 173.2 amp. 
in 86.6 per cent turns is just equal to that of 150 amp. in 100 per cent 
turns; these two currents are directly in time-phase opposition, and the 
apparatus operates in all respects like a one-phase transformer. The 
phase relations and the relative values of the several components of cur¬ 
rents are shown in the vector diagram of Fig. 57. 



Fiu. 57- 


-Three-phase to 
transformation. 


two-phase 
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95. Kilovolt-ampere Ratings of Transformers for Scott Connection 
(Three-phase to Two-phase) for Serving a Given Horsepower Load.— 

The following table gives the ratings recommended by the Westinghouse 
Electric & Manufacturing Co. for transformers serving squirrel-cage 
induction motors and indicates the efficiency of the installation. The 
temperature guarantee with performances as shown is a 50°C. rise. 


Hp. of 
motor 

Number of 
transformers 

Kva. capacity 
of each trans¬ 
former 

Total kva. load im¬ 
posed on the group 
of two transformers 
when motor is oper¬ 
ating at full load 

Efficiency of bank 
of transformers 
with full load on 
motor 

X 

2 

X 

0.75 

92.8 

1 

2 

X 

1.35 

94.5 

2 

2 

l 

2.40 

95.2 

3 

2 

IK 

3.4 

95.9 

5 

2 

2H 

5.5 

96.4 

7X 

2 

4 

8.1 

97.0 

10 

2 

5 

10.7 

97.2 

15 

2 

7K 

15.7 

97.4 

20 

2 

10 

20.9 

i 97.6 

30 

2 

15 

31.5 

97.8 

40 

2 

20 

42.0 

98.0 

50 

2 

25 

51.0 

98.0 

75 

2 

37 X 

77.0 

98.3 


Kva. on each transformer 

hp. X 0.746 X 0.59 
(eff. X p.f. of motor) 


Efficiency 


_ kw. on transformer 

kw. transformer loss + kw. on transformer 


96. T-connected Transformers for Transforming from Three-phase to 
Three-phase (“Standard Handbook”).—A method of employing two 
transformers in three-phase transformation which practically overcomes 
the disadvantages of the V connection, and possesses considerable merit, 
is found in the T connection. As indicated in Fig. 58, one transformer 
is connected across between two of the line wires while the other is joined 
between the third line wire and the middle point of the first transformer. 
The current in the primary coil of each transformer is the same in value 
as that in the primary coil of the other, and the secondary currents 
in the two transformers are likewise equal in value. The voltage 
impressed across one transformer is only 86.6 per cent of that across the 
other, so that, if each transformer is designed especially for its work, 
one will have a rating of El and the other a rating of 0.866E7, where I 
is the current in each line wire and E is the e.m.f. between lines. The 
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combined rating will therefore be 1.866 as compared with 1.732 El for 
three one-phase transformers connected either A or Y, or with 2DEI 
for two Y-connected transformers. 

97. Requisites for Transformers for T Connection. —The two trans¬ 
formers should possess the same ratio of primary to secondary turns, 
and a tap should be brought out from the central point of one of the 
transformers. It is not essential that the former transformer be designed 
for exactly 86.6 per cent of the voltage of the latter; the normal voltage 
of one can be 90 per cent of the other without producing detrimental 
results. Moreover, transformers designed for the same normal e.m.f. and 
intended for V connection can be T-connected with considerable 
improvement in service. 


Three-Phase, Primary Circuit 



ZZOVofts v ' tiO&ffr I I 1 

c _ * ttOtofts \ I _____ 

A Three-Phase, Secondary Circuit 

Fig. 58. —Transformers, T-connected for three-phase transformation. 

98. In comparing the T connection with the A or the Y connection 

(“Standard Handbook”), it is to be noted that each connection accom¬ 
plishes the transformation without sensible distortion of phase relations. 
The T connection allows the neutral point to be reached equally as well 
as does the Y connection. The A connection, however, is the only 
one capable of transforming in emergencies with one disabled transformer. 
With reference to its ability to maintain balanced phase relations, the 
T connection is much better than the V connection. 

The aggregate kilovolt-ampere rating of two T-connected transformers 
should be 153^ per cent greater than the nominal kilovolt-ampere rating 
of the group. 

99. Booster transformers (“Electric Central Station Distributing 
Systems,” Gear and Williams, Van Nostrand Co.).—Ordinary distribut¬ 
ing transformers applied as illustrated (Fig. 59) are used where it is 
necessary to raise, by a fixed percentage, the voltage delivered by a line, 
as is necessary when transformer ratios do not give quite the right 
voltage or when line drop is excessive. A booster raises the voltage of 
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any primary circuit in which it may be inserted by the amount of the 
secondary voltage of the booster (see Fig. 59). 

Examples .—On a long, single-phase, 2,080-volt lighting branch so heavily loaded that 
the pressure drops more than the amount for which the normal regulation of the feeder 
will compensate, a 110-volt transformer inserted in the line as a booster will raise the 
pressure of the primary branch on the load side of the booster by 110 volts. This raises 
the secondary pressure 5.5 per cent on all the transformers beyond the booster. 

With 440-volt service supplied by star-connected, 230-volt transformers, a 10 per 
cent booster in each phase raises the normal pressure of 230/400 volts to 253/440 volts* 



1-5# Simple Booster 



15.596Augmented Booster 




|[ 10% Simple Booster V II % Augmented Booster 

Fio. 59.—Transformers used as boosters. 


The connections for a simple booster are shown in Fig. 59, I, the line pressure being 
raised from 2,080 to 2,184 volts or 5 per cent. The connection at II is that for an 
augmented booster in which the line pressure is raised from 2,080 to 2,190 volts, because 
the primary of the booster is connected across the line on the far side and the booster 
is boosted as well as the line. This gives an increase of 5.5 per cent in the line pressure. 

Figuie 59, III, shows a 10 per cent simple booster and IV an augmented 11.1 per cent 
booster. 

The transformers shown in Fig. 59 have a 10:1 or 20:1 ratio, and the percentages 
shown apply only to transformers of this ratio. If boosters having a ratio of 2,080 to 
115/230 are used, the percentages are increased by about 10 per cent. Figure 59 I would 
then become 5.5 per cent; II, 6.05 per cent; III, 11.1 per cent; and IV, 12.2 per cent. 

100. The proper connection of the secondary for a booster or choke 
transformer must usually be determined by trial for a transformer of any 
given type, but, once it has been determined, the same connection may be 
used for any transformer of the same type. The connections shown in 
Figs. 59 and 60 are correct for transformers of the principal makers. 

101. Boosters are connected in a two-phase circuit in a manner similar 
to that shown in Fig. 59 for a single-phase circuit. In three-wire, two- 
phase feeders the boosters (secondary windings) are cut into the outer 
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wires, and the primary windings are connected between the middle and 
the outside wires. 

102. Booster transformers in three-phase circuits are connected as 

shown in Fig. 61 (“Electric Central Station Distributing Systems”)* 
The insertion in any phase wire of the booster voltage affects two phases. 


Transformers^ 



H-10% Choke Connection F-9.1 % Choke Connection 


Fig. 60.—Choking transformers. 

The boosting and choking effects, with transformers of various ratios, 
with the boosting transformers used in one, two, or three phases, are 
expressed in percentage of the primary voltage in the table of Sec. 103. 



103. Voltage Boosting and Choking Effect of Transformers Connected 

in Three-phase Circuits (“Electric Central Station Distributing Sys¬ 
tems”).—Values in the body of the tables are the percentages that the 
voltages will be increased or decreased, respectively, by the insertion of 
booster or choking transformers, of different ratios, in one, two, or three 
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of the phase wires. Transformers are connected for boosting as shown in 
Fig. 61. The letters AB f BC, and CA refer to the three phases of Fig. 61, 


Boosting 


Ratios 

10:1 

20:1 

9:1 

18:1 

Booster in 

AB 

BC 

CA 

AB 

BC 

CA 

AB 

BC 

CA 

AB 

BC 

CA 

A phase. 

10.0 

10.0 

5.3 

5.00 

0.00 

2.65 

11.0 

0.0 

5.8 

5.5 

0.00 

2,9 

A and B . 

15.3 

10.0 

5.3 

7.65 

5.00 

2.65 

16.8 

5.5 

5.8 

8.4; 

2.75 

2.9 

A, B, and C . 

15.3 

15.3 

15.3 

7.65 

7.65 

7.65 

16.8 

16.8 

16.8 

8.4 

8.40 

8.4 


Choking 


A phase. 

10.0 

0.0 

4.6 

5.0 

0.0 

2.3 

11.00 

0.00 

5.06 

5.5 

0.00 

2.53 

A and B . 

14.6 

10.0 

4 6 

7.3 

5.0 

2.3 

16.06 

11.00 

5.06 

8.3 

5.50 

2.63 

A, B, and C . i 

14.6 

14.6 

14.6 

7.3 

7.3 

7.3 

16.06 

16.06 

16.08 

8.03 

8.03 

8.03 


104. Choking Transformers (“Electric Central Station Distributing 
Systems”).—When the secondary is connected in reverse order the trans¬ 
former becomes a “choke,” depressing the line pressure instead of raising 
it. This method of connection is useful where less pressure is desired. 

Examples .—A 5 per cent choke connection is shown in Fig. 60, I, a 4.75 per oent 
choke in II, a 10 per cent choke in III, and a 9.1 per cent choke in IV. 

The transformers shown in Fig. 60 have a ratio of 10:1 or 20:1, and the percentages 
shown are only for transformers of that ratio. If choking transformers having a ratio 
of 2,080 to 115/230 are used, the choking percentages would be decreased to the following 
values: Fig. 60, I, 5.5 per cent; II, 5.24 per cent; III, 11 per cent; and IV, 10 per cent. 

106. The capacity of a transformer that is to be used as a booster 

(Fig. 62) will be determined by (1) the current / which will flow in the 



Fig. 62 .—Example in computing capacity required of a booster transformer. 

a-c line, and (2) the voltage E by which the e.m.f. on the line will be 
“boosted.” If, for example, the current in the line is 20 amp. and it is 
desired to raise the voltage (Fig. 62) by 110 volts, then required capacity 
of the boosting transformer «■ 20 amp. X 110 volts « 2,200 volt-amperes 
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« 2.2 kva. Hence, for these conditions it would be necessary to use at 
I a standard 2J^-kva. transformer. The secondary coils of this trans¬ 
former would be connected in multiple so that they would develop 110 
volts. 

If it is desired to boost the voltage by 220 volts, then 20 amp. X 220 
volts = 4,400 volt-amperes = 4.4 kva. Hence, theoretically a 4.4-kva. 
transformer would be required. Note that in any case the secondary 
winding of the boosting transformer must be capable of carrying the 
primary line current (20 amp., in Fig. 62). Furthermore, the secondary 
coils of the boosting transformer must be so designed and connected 
that they will produce at their terminals the voltage by which it is 
desired to “boost " the e.m.f. which is impressed on the line by the 
generator in the station. 

106. As a practical proposition it is usually desirable to select for the 
“boost” voltage one of the voltages for which the secondaries of distribut¬ 
ing transformers are regularly designed or for which they can be con¬ 
nected. That is, the boosting voltage should, ordinarily, be either 110, 
220, or 440. If a boosting voltage other than one of these standard 
voltages is necessary, it will then probably be necessary to obtain a 
specially designed transformer or to obtain a transformer which has taps 
on the secondary coils. 

107. In every case the line current will be increased somewhat by the 
boosting transformer. If the load remains constant, the increase in that 
portion of the circuit HFCB (Fig. 62) will be in the ratio by which the 
voltage impressed on this portion of the circuit has been boosted. For 
example, if the current in the a-c line HFCB of Fig. 62 was 20 amp. before 
the boosting transformer was inserted, the current after its insertion 
would be computed in this way: 


12 _ E 2 
/1 E x 


(3) 


1 1 = — (amperes) (4) 


where I\ = the line-current, in amperes, before inserting the booster 
transformer; Ei = e.m.f., in volts across BII (Fig. 62) before inserting 
the booster transformer; / 2 = current, in amperes, in HFCB after the 
booster is inserted; and E 2 = e.m.f., in volts, across BH after the booster 
is inserted. 


Example .—Substituting the values from Fig. 62 in For. (4), the current in HFCB after 
inserting the booster « It - (Et X I\) -s- JE7i — (2,310 X 20) -5- 2,200 » 21 amp. 
After inserting the booster, the current I P in ABOD will be (21 amp. -f- the current 
carried by the primary winding). The value of 20 amp. in Sec. 105 is not strictly correct, 
but this relatively small difference will not appreciably affect the kilovolt-ampere rating 
of the booster transformer which would be used. 


108. There are certain precautions that should be observed in the 
installation of boosters (“ Electric Central Station Distributing Systems ") 
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to protect them from injury. The booster secondary is in series with 
the line, and current is drawn through its primary windings in proportion 
to the load on the line. If the primary of the booster is opened while the 
secondary is carrying the line current the booster acts as a choke coil 
in the main circuit. This causes a large drop of pressure in the booster, 
imposing upon its secondary windings a difference of potential of two to 
five times normal. Under these conditions the insulation of a 2,00(X-volt 
transformer may be subjected to a pressure of 10,000 to 20,000 volts 
or more depending upon the load carried by the main circuit at the time. 

If a fuse is used in the primary its blowing creates the above condition, 
and the arc holds across the terminals of the fuse block until it burns 
itself clear. It has often been observed that where boosters have been 
“protected” by fuses in this way, the transformer has burned out shortly 
after the blowing of its primary fuses if 
not at the time. 

Also, in using ordinary static trans¬ 
formers as boosters, it should be remem¬ 
bered that the service is different from 
that for which the transformer is designed. 

If this feature is neglected, the insulation 
may be subjected to excessive voltages or 
dielectric stresses, thus causing break¬ 
down. The standard distributing trans¬ 
former is designed to withstand a pressure 
of about 10,000 volts between the high-voltage coils and the case, while 
the low-voltage coils (the 220-volt coils) are designed to withstand a test 
pressure of 4,000 volts between coils, core, and case for a period of 1 min. 

When a 2,200-110/220-volt transformer is used as a booster, the low- 
voltage coils are subjected to a continuous pressure of about 2,300 volts 
above ground. This sustained voltage will, if the case is grounded, be 
likely to destroy the insulation of the low-voltage coils. Therefore the 
transformer case should, if feasible, be insulated from the ground, 
although this may involve life hazard. When installed on a pole, the 
insulation is automatically provided since the pole acts as the insulating 
medium. 

In transformer vaults and houses, the transformers are frequently 
placed upon the floor. Where static transformers are used as boosters, 
they should, to ensure safety to both the apparatus and workmen, be 
placed upon a slightly raised platform of dry wood. In any installation 
where apparatus such as the oil-cooled transformer is operating at or 
slightly above full load, the capacity will be increased if they are raised 
above the floor level. This permits free air circulation along the bottoms 
of the apparatus, thus further augmenting the dissipation of the heat. 
To ensure that the capacity of the booster will be sufficient, it should 
be also remembered that the load factor on a booster will usually be 



Fig. G3.—Series arc cutout for 
a booster. 
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higher than it would in ordinary service as a distribution transformer. 
These and other causes, if neglected, frequently result in the burnout 
or insulation breakdown of booster transformers. 

109. Booster Cutout (Gear and Williams).—In connecting or discon¬ 
necting a booster the main line should be opened before putting it in or 
out. If service on the line cannot be interrupted, or if it is desired to 
switch the booster in or out at certain times, it may be done with a series 
arc cutout as in Fig. 63. The operation of the cutout simultaneously 

CowiectwwfcrConv c rh B ni; am not Seff-S+ar+ina from +he Alternating Cumeitf Side* 

IM-PhasefbuNMre llkoJfaafbtrHfafbrMBiry I Three-Phase 
Converter on Three-WireD.C.System 
\Neutnrf-\ 
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~370}r- 
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Open Switch aPcTdunnc. _ 

cJoseswHchaftibefore closing DZ 
YTwo'fhase Fbur-tVine tbrPofary 
17 Two-fhase/bun-Hfne Converter on IhreeWirelXC.Systtnt Three-Phase 

ConnecHorts for Converters Self-Starting from the Alternating Current Side. 

The fottages specified'are approximate values for Rotary Converters delivering direct 
current at600Votts. excep tin land Vwhich give the approximate w/tages for 
Jtotary Converters on a / 26-730 volt, three -wire IX C. System. 

Fig. 64.—Connections for transformers serving rotary converters from a two- 
phase system. (Westinghouse Electric & Manufacturing Co.) 


opens the primary and short-circuits the secondary of the booster. The 
switch must be of a type having a positive action so that arcing will not 
damage its contacts at the moment the secondary is short-circuited. 
The arc cutout must have sufficient carrying capacity to carry the main¬ 
line current when the booster is shunted out, and standard series cutouts 
should not be used where the line current is likely to exceed 20 to 25 amp. 

When the augmented booster is used, the terminals of the primary 
winding of the transformer which goes to the cutout should be con¬ 
nected to the terminal of the cutout which is shown as not being in use 
in Fig. 63. 

110. Transformers for serving rotary converters may be connected as 
indicated in Figs. 64 and 65, which show Westinghouse standard practice. 
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The secondary voltages given are (with four exceptions) the ones that 
should be impressed on the a-c sides of converters so that the converters 
will produce a d-c voltage of 600 for railway work. The four exceptions 
are noted in the illustrations. 


Connections fbr Converters that art not self Starting from the Alternating Current Skfe 
X De/toloThmPhase 

^ Drametncal Doub/eDetta 

^j-un^uTi-W. fci&ifei-ft-®- 


onJMtfrCSKften 


ThreePhase 

Circuit 





" VhMbtoThru Phase **• * ftvnnmbf' 

Defta JnferconmctedStan TLDeHato J. Delta to 

toD»Ha /brJMwComturtoran Six Phase . Six Phase 



ThreeWireDCSystem Diametrical Doub/eDetfo wifTme 
Connections tbr Converters self Starting from the Alternating Current Side. 
The fottaqttarcApyivxjmate, Palues for Rotary Converter delivering Direct 

*** ppprdxunafe wffages for rotary 


Fig. 65. —Connection for transformers serving rotary converters from a 
three-phase system. (Westinghouse Electric & Manufacturing Co.) 


CONNECTIONS FOR THREE-PHASE TRANSFORMERS 


111. Methods of Connecting the Windings of Three-phase Trans¬ 
formers (“Standard Handbook”).—The windings of each component 
transformer are connected to the external 


circuits just as though this component 
were a one-phase unit; i.e., the primaries 
may be connected either Y or delta. 
Moreover the relative advantages of the 
Y connection and the delta connection are 
quite the same with one three-phase trans¬ 
former as with three one-phase trans¬ 
formers. The delta connection is 
advantageous in some cases in that if the 
windings of one phase become damaged by 
short circuiting, grounding, or through 
any other defect, it is possible to operate 
with the other phase windings V-connected. 



Fig. 66.—Operating a dam¬ 
aged three-phase transformer. 


112. In operating a damaged three-phase transformer on two coils 

it is necessary to separate the damaged transformer windings electrically 
from the other coils, as indicated in Fig. 66. The high-potential winding 
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of the damaged phase should be short-circuited upon itself and the 
corresponding low-potential winding should also be short-circuited upon 
itself. The winding thus short-circuited will choke down the flux passing 
through the portion of the core surrounded by them without producing 
in any portion of the winding a current greater than a small fraction of the 
current which would normally exist in such portion at full load. 

PARALLEL OPERATION 

113. Parallel Operation of Transformers. —Transformers will operate 
satisfactorily in parallel (Fig. 67), i.e ., with their high- and low-tension 
windings respectively connected directly to the same circuits provided 
that they have (1) the same ratio of transformation, (2) the same voltage 
ratings, and (3) approximately the same regulation. If the low-tension 
voltages are different the transformer having the highest voltages will 
circulate current to those of lower voltage and cause a continuous loss. 



Fig. 67.—Transformers banked or operating in parallel. 


If transformers connected in parallel do not have the same regulation 
they will not share the total load in proportion to their ratings. The 
greater share of the load will be taken by the transformer having the best 
regulation. 

In connecting large transformers in parallel, especially when one of the 
windings is for a comparatively low voltage, it is necessary that the resist¬ 
ance of the joints and interconnecting leads does not vary materially for 
the different transformers, or it will cause an unequal division of load. 

114. With transformers of the same general voltage and capacity 
characteristics connected in multiple in a secondary network (“ Distribut¬ 
ing Transformers ," A. D. Fishel) little trouble will be encountered, as the 
impedance of the line between two transformers on separate poles spaced 
about 100 or 200 ft. apart will normally neutralize any difference in the 
transformer impedances. When transformers operated in multiple are 
placed on the same pole the question of equal sharing of the load may 
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be of some importance. The standard transformers of reliable manu¬ 
facturers do not differ very widely in impedance characteristics, however, 
and it is usually practicable to operate transformers of the various 
standard types in parallel. Often the commercial desirability of parallel¬ 
ing transformers of different sizes will overbalance the undesirability 
of some inequality in the sharing of the load which might result. 

115. A method of forcing equal division of load between transformers 
having considerably different impedance characteristics (“ Distributing 
Transformers, ” A. D. Fishel), is shown in Fig. 68. Standard, 2,200-volt 
distributing transformers are usually provided with arrangements for the 
series-parallel connecting of both the high-tension and the low-tension 
windings, and therefore the connections shown can be used. As the high- 
tension windings are in series, the currents in the primary windings will 
be the same; hence the transformers will 
be equally loaded. 

116. Some three-phase transformers 
can be paralleled and some cannot 

(W. M. McConahey, Electric Journal , 

July, 1912). A transformer having its 
coils connected in delta on both high- 
tension and low-tension sides cannot be 
made to parallel with one connected 
either in delta on the high-tension and star 
on the low-tension or in star on the high- 
tension and in delta on the low-tension 
side. However, a transformer connected 
in delta on the high-tension and in star 
on the low-tension side can be made to 
parallel with transformers (having their coils joined in accordance 
with certain schemes) connected in star on the high-tension side and in 
delta on the low-tension side. Some three-phase transformers cannot be 
made to parallel (without changing the internal connection arrangement 
of their coils) with others using the same type of connections for the two 
windings. For example, a transformer connected delta to delta may have 
its coils so interconnected that it will not parallel with another trans¬ 
former connected delta to delta. By changing the internal connections 
between the coils, however, it will be possible to bring out the terminals 
in such a way that parallel operation can be obtained. ' * 

117. How to Determine Whether or Hot Three-phase Transformers 
Will Operate m Parallel. —If the transformers are available connect them 
as indicated in Fig. 69, leaving two leads on one of the transformers 
unjoined. Test with a voltmeter across the unjoined leads. If there is 
no voltage between E and e or between F and / of transformer 2 the 
polarities of the transformers are the same, and the connections can be 
completed and the transformers put in service. 


Primary Circuit 



Fig. 68. —Connection for 
forcing parallel operation of 
transformer which have dif¬ 
ferent impedance characteris¬ 
tics. 
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If a voltage difference is found between E and e or between F and / 
or between both, the polarities of the transformers are not the same. 
Then connect transformer lead A successively to mains 1, 2, and 3 and 
at each connection test with the voltmeter between e and / and the legs 

of the main to which lead A is not con¬ 
nected. If with any trial connection the 
voltmeter readings between / and e and 
either of the two legs is found to be zero, 
the transformer will operate with leads / 
and e connected to those two legs. If no 
system of connections can be found that 
will satisfy this condition, the transformer 
will not operate in parallel without 
changes in its internal connections, and it 
may be that it will not operate in parallel 
at all (see Sec. 116). 

For a very complete discussion of this 
subject and the description of a method 
whereby it can be determined by volt¬ 
meter tests whether or not two three-phase transformers which cannot be 
brought together for a practical test will or can be made to operate in 
parallel, see article in Electric Journal for July, 1912, by W. M. 
McConahey. The above material is largely abstracted from this article. 

CONNECTIONS AND APPLICATIONS OF AUTOTRANSFORMERS 

118. Use of Autotransformers. —The National Electrical Code allows 
the use of autotransformers for supplying interior wiring systems under 
certain conditions as given 
in Sec. 131. The principal 
application of (1) in Sec. 

131 is on 115/230-volt light¬ 
ing secondaries on which 
the starting of fractional- 
horsepower, single-phase, 

115-volt motors causes too 
much voltage drop on the 
secondary main, and flicker of the lights results. The installation of an 
autotransformer at the end of the main (Fig. 70) helps to reduce the 
voltage drop and materially reduces the flicker. ^ 

119. Another application of the autotransformer is as a starting com¬ 
pensator for a-c motors. The compensator supplies a reduced voltage 
to the motor circuits while the machine is accelerating from rest. Ordi¬ 
narily each autotransformer is provided with several taps so that a num¬ 
ber of low voltages may be obtained. 


Z306v. 


U5v. 


230v. 


3 - 




Lamps\\r 


\Auto- 
a transformer 


Fig. 70.—Use of autotransformer at eiul 
of main to improve voltage drop and reduce 
flicker. 



Fig. 69. —Testing three- 
phase transformers for parallel 
operation. 
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120. A starting compensator arrangement for a two-phase induction 
motor (“Standard Handbook”) is shown in Fig. 71. There are two auto¬ 
transformers, the two separate phase lines being connected to the ends 
of the separate autotransformer windings. During the starting period 
the motor is connected between two of the ends and two intermediate 
taps. Figure 72 shows a starting compensator arrangement for a three- 



Fig. 73. —An autotransformer, three-phaBe, starting compensator. 

phase induction motor. The three autotransformer windings are 
Y-connected, and low-voltage points are permanently selected along each 
leg of the Y. It is not necessary to employ three autotransformers for 
starting a three-phase motor; two V-connected autotransformers are quite 
satisfactory for this purpose. Figure 73 shows two V-connected auto¬ 
transformers for starting a three-phase induction motor and operating 
it at four different voltages. 
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121. The coils of a three-phase transformer can be connected for 
operation as an autotransformer, equally as well as can those of a one- 
phase transformer. The interconnections would ordinarily be by the 
Y method, although the delta method or a combination of the Y and delta 

methods may be used. Figure 74 repre¬ 
sents a Y connection for autotransformer 
operation. 

INSTALLATION, CARE, AND 
OPERATION 

122. The successful operation of trans¬ 
formers (Allis-( Chalmers Manufacturing 
Co.) is dependent upon proper installa¬ 
tion and operation as much as upon prop¬ 
er design and manufacture. Although a 
transformer requires less (‘are than almost 
any other type of electrical apparatus, 
neglect of certain fundamental requirements may lead to serious trouble, 
if not loss of the transformer. 

123. The following sections (124 to 144) give the requirements of the 
National Electrical Code for the installations of transformers. These 
rules have been taken verbatim from the Code with only the change of 
section numbers and some rearrangement. In some cases additional 
material is added and is so indicated by being printed in italics. 

GENERAL INSTALLATION RULES 

124. Application.— These rules shall apply to the installation of 
transformers of all voltages, except as follows: 

a. Hazardous Locations. —Transformers in hazardous locations, which 
shall comply with the provisions of this article, except as modified by 
additional requirements for such locations {refer to Div. 8). 

b. Signaling. —Transformers operating at a primary voltage not 
exceeding 250 volts and used for bell ringing or other signal or control 
purposes, which shall comply with Art. 800 of the Code. 

c. Signs and Outline Lighting. —Transformers used for signs and 
outline lighting, which shall comply with Art. 600 of the Code. 

d. Radio. —Transformers used with radio equipment, which shall com¬ 
ply with Art. 810 of the Code. 

e. X Ray and High Frequency. —Transformers used for X Ray or 
high frequency, which shall comply with Art. 660 of the Code. 

f. Special Transformers.— Special air-cooled transformers constituting 
a component part of other apparatus and conforming with the require¬ 
ments for such apparatus or devices. 

g. Current Transformers. —Current transformers used for metering or 
for protective relays. 



Fig. 74.—Y-connected, three- 
phase autotransformer. 
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h. Control-circuit Transformers. —Control-circuit transformers, fur¬ 
nished with control equipment, which conform to the requirements for 
the equipment which they control. 

125. In Generating Stations and Substations.—Transformers operating 
at more than 600 volts in generating stations and substations shall 
comply with the following: 

a. Location.—They shall be so located that fire and smoke from burn¬ 
ing insulation or oil will be unlikely to do damage. 

b. Air-blast Transformers.—Air-blast transformers should be isolated. 
Ducts for air blast shall be of noncombustible construction. 

c. Oil-immersed Transformers.—Oil-immersed transformers should 
be placed in vaults complying with Secs. 134 to 142, unless in a substation 
building used for no other purpose. 

126. In Other Buildings—All Voltages.—In buildings other than 
generating stations and substations, transformers, except potential 
instrument transformers, shall comply with the following: 

a. Air-cooled Transformers.—Transformers whose windings arc 
cooled by exposure to the air shall have a separation of at least 12 in. 
from combustible material, unless separated therefrom by a barrier of 
incombustible heat-insulating material, or unless of rating not exceeding 
600 volts and completely enclosed except for ventilating openings. An 
air space of at least 6 in. shall be left between transformers and between 
each transformer and adjacent surfaces, except the surface upon which it 
is mounted. 

N.E.M.A . Recommendations. — Self-cooled transformers should always 
he separated from one another and from adjacent walls, partitions, etc., in 
order to permit free circulation of air about the tanks. This separation 
should not he less than 24 to 36 in., depending on size. 

b. Liquid That Will Not Burn.—A transformer immersed in an approved 
liquid that will not burn and rated in excess of 25 kva. shall be furnished 
with a pressure-relief vent. If installed in a poorly ventilated place 
inside a building it shall also comply with one of the following conditions: 

1. It shall be furnished with a means for absorbing any gases generated 
by arcing inside the case. 

2. The pressure-relief vent shall be connected to a chimney or flue 
which will carry such gases outside the building. 

c. Liquid That Will Burn.—Transformers immersed in a liquid that 
will burn shall be installed in a vault conforming to Secs. 134 to 142 
inclusive, except by special permission as follows: 

\. Transformers rated at not more than 600 volts and 10 kva. may be 
installed without a vault in a building or room of other than fire-resistive 
construction, if there is no combustible material in the vicinity of the 
transformer. 

2. Transformers rated at not more than 600 volts and not more than 
25 kva. in any one unit, or not more than 75 kva. total rating, may be 
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installed without a vault in a building or room of fire-resistive construc¬ 
tion and containing no other combustible material in the vicinity of the 
transformer, if surrounded by concrete curbs not less than 6 in. high 
forming a basin of sufficient capacity to retain all the liquid used in the 
transformers. 

127. In Other Buildings—Exceeding 600 Volts. —In buildings other 
than generating stations and substations, transformers operating at more 
than 600 volts, except potential instrument transformers, shall comply 
with Sec. 126 and also with the following: 

a. Special Permission. —They shall be installed only by special 
permission. 

b. Location. —They shall be located where the supply conductors 
enter the building or as near to this point as practicable. 

c. Enclosure. —Transformers immersed in a liquid that will burn shall 
comply with paragraph c of Sec. 126. Other transformers shall be 
installed so as to provide mechanical protection, ventilation, and inacces¬ 
sibility to unauthorized persons. If exceeding 15,000 volts between 
terminals they shall be installed only in a vault conforming to Secs. 
134 to 142. 

d. Furnace Rooms. —In electric furnace rooms transformers immersed 
in a liquid that will burn, with total rating not exceeding 75 kva., may be 
installed in accordance with Sec. 126, 36. 

128. Attached to or Adjacent to Building. —Transformers attached to 
the exterior of a building or in immediate proximity thereto shall be so 
located as not to interfere with the raising of fire ladders; shall be at 
least 4 ft. from fire escapes and outside stairways; and shall comply with 
the following: 

a. Liquid That Will Bum.—If immersed in a liquid that will burn they 
shall be placed against a blank wall of masonry or reinforced concrete. 
They shall not be directly under any combustible eaves or cornices. 

It is recommended that wall openings within 10 ft. be protected by standard fire doors 
or shutters. Under some circumstances openings distant more than 10 ft. should be 
protected. 

b. Liquid That Will Not Bum. —If immersed in a liquid that will not 
burn, there shall be an air space of at least 6 in. between the transformer 
case and any adjacent combustible material. 

c. Under a Sidewalk.—If transformers immersed in a liquid that will 
bum are placed under a sidewalk in front of a building they shall be 
located in a vault complying with Secs. 134 to 142. 

129. Mounted on Roofs. —A transformer installed on the roof of a 
building shall comply with the following: 

a. Liquid That Will Bum. — If the transformer is immersed in a liquid 
that will burn, it shall be installed in a vault. 

b. Liquid That Will Not Bum.—A transformer immersed in a liquid 
that will not bum shall be mounted well away from doors. If located 
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so that leaking liquid might reach a window or door, it shall be mounted 
on a metal pan or concrete basin large enough to retain the liquid. 

130. Outdoor Transformers. —If transformers are located outdoors, 
the transformers, switches, and other apparatus shall comply with the 
following: 

a. They shall not be accessible to unauthorized persons. 

b. They shall be so placed as not to interfere with firemen. 

c. They shall be isolated with respect to combustibility, window expo¬ 
sure, and nature of occupancy of adjacent buildings. 

d. Unless isolated by elevation they shall be surrounded by an enclo¬ 
sure, grounded if of metal, and placarded with a warning sign which 
indicates the highest voltage involved. 

e. If transformers arp immersed in a liquid that will bum, drains for 
overflowing liquid shall not come in close proximity to combustible 
structures or materials. 

131. Autotransformers. —Transformers in which a part of the turns are 
common to both primary and secondary a-c circuits, ordinarily known as 
autotransformers, may be connected to an interior wiring system only 
under one of the following circumstances: 

a. Identified Wire in Both Systems.— The system supplied contains an 
identified grounded conductor which is solidly connected to a similar 
identified grounded conductor of the system supplying the autotrans¬ 
former. 

b. Induction Motor Control. —The autotransformer is used for starting 
or controlling an induction motor and may be included in a starter case or 
installed as a separate unit. 

c. In Apparatus.— The autotransformer supplies a circuit wholly within 
apparatus which also contains the autotransformer. 

d. Voltage Adjustment. —The autotransformer is used for fixed-voltage 
adjustment on an existing power circuit having no identified grounded 
conductor. 

e. Theater Dimmers. —The autotransformer is installed in accordance 
with Sec. 5225 of the Code . 

132. Location (National Electrical Manufacturers’ Association Recom¬ 
mendations). — Accessibility , ventilation , and ease of inspection should be 
given careful consideration in locating transformers. 

Water-cooled transformers depend almost entirely upon the flow of 
water through the cooling coils for carrying away heat ) so that the temperature 
of the surrounding air has little effect upon that of the transformers. For 
this reason air circulation is of minor importance , and water-cooled trans¬ 
formers may be located in any convenient place without regard to ventilation. 

Self-cooled transformers depend entirely upon the surrounding air for 
carrying away their heat. For this reason care must be taken to provide 
adequate ventilation. For indoor installation the room in which the trans¬ 
formers are placed must be well ventilated so that heated air can escape readily 
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and be replaced by cool air from outside. Inlet openings should be near 
floor level and distributed to be most effective. 

Self-cooled transformers of the indoor type must be so located that water 
cannot fall on the tanks or rain blow upon them. 

133. Guarding. —If unqualified persons have access, all live parts of 
transformers which are connected to circuits of more than 600 volts 
between conductors shall be enclosed or isolated. 

VAULTS 

134. Location. —Transformer vaults shall be located at the point of 
entrance of the service conductors into the building or as near this point 
as practicable. They shall be located so they can be ventilated to the 
outside air without the use of ducts, wherever such an arrangement is 
practicable. 

135. Design. —Vaults shall be of such design that an air space of not 
less than 6 in. is provided on every side of a transformer. 

136. Construction. —The walls and roof of vaults shall consist of 
reinforced concrete not less than 6 in. in thickness or of brick not less 
than 8 in. in thickness, or of load-bearing hollow tile not less than 12 in. 
in thickness coated on the inside with cement plaster; except that if the 
total transformer capacity so enclosed is not more than 100 kva., rein¬ 
forced concrete 4 in. thick may be employed. Where practicable, the 
outside walls of the building, if of standard vault construction, should 
form one of the walls of the vault. The vault shall have a floor of con¬ 
crete at least 4 in. thick. 

137. Doorways. —Any doorway leading from the vault into the build¬ 
ing shall comply with the following: 

a. Type of Door. —fi^ach doorway shall be provided with a tight- 
fitting door of a type approved for openings in Class A situations as 
defined in the 1939 edition of the standard of the National Board of P'ire 
Underwriters for Protection of Openings in Walls and Partitions Against 
Fire. The authority enforcing this code may require such a door on 
each side of the wall if conditions warrant. 

b. Sills.— A door sill of sufficient height to confine within the vault 
the oil from the largest transformer shall be provided, and in no case 
shall the height be less than 4 in. 

c. Locks. —Entrance doors shall be equipped with locks, and doors 
shall be kept locked, access being allowed only to authorized persons. 
If spring or other automatic locks are used, they shall be so arranged 
that they may be readily and quickly opened from the inside. 

138. Ventilation. —The vault shall be ventilated as follows: 

a. Limiting Temperature.— The ventilation shall be such as will pre¬ 
vent the development of room temperatures in excess of those prescribed 
by Standard No. 13 of the American Institute of Electrical Engineers 
(1930 edition). In general the room temperature should not exceed 40°C. 
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Ventilating openings should be proportioned to the kilovolt-ampere 
capacity of the transformer and be so located as to facilitate air move¬ 
ment. In the case of vaults ventilated directly to the outside air by 
natural ventilation without the use of ducts, ventilating outlets having a 
combined area of not less than 1 sq. ft. shall be provided for transformers 
of 50 kva. or smaller. For installations larger than 50 kva. the area 
shall be not less than 3 sq. in. per kilovolt-ampere of transformer capacity. 

National Electrical Manufacturers? Association Recommendations .— 
The outlet or outlets should he as high above the apparatus as construction 
of building mil permit. The number and size of air outlets required will 
depend on their distance above the transformer and on the efficiency and load 
cycle of the apparatus. In general , about 20 sq. ft. of outlet opening or 
openings should be provided for each 1,000 kva. of transformer capacity. 
Air irdet8 should be provided with the same total area as the outlets. If the 
transformer will be required to operate for considerable periods at continuous 
full load , the areas of the inlet and outlet openings should be increased to 
about 60 sq. ft. per 1,000 kva. of transformer capacity. 

b. Damper—Where Required.—Ventilating openings not connected 
to chimneys or flues or directly to outside air shall be provided with 
automatic dampers made of metal of thickness not less than No. 10 
U.S. Standard gage. 

c. Louvers.—Openings for illumination or ventilation shall be pro¬ 
tected by louvers or by substantial fixed metal screens with mesh not 
larger than % in., and shall be so constructed that snow or rain will not 
reach wiring or apparatus of other than weatherproof construction. 

d. Location of Ventilation Opening.—Openings for vault ventilation 
to the outside air shall be located as far away as practicable from doors, 
windows, and inflammable material. 

139. Drainage.—If practicable, the vault shall be provided with a 
drain which will carry off any accumulation of oil or water that may 
collect in the vault. Floor and drain shall have a pitch of not less than 
Y± in. per foot. In vaults containing transformers having a total 
capacity of 100 kva. or less, the drain may be omitted if the enclosure 
is so constructed as to retain all the oil used within the vault. 

140. Water Pipes and Other Accessories.—Pipes for water, steam, gas, 
sewers, or other purposes and such accessories as faucets and sprinkler 
heads and ducts for ventilating other parts of the building should not be 
installed in transformer vaults. Where conditions are such that the 
presence of these pipes cannot be entirely avoided, they shall be so 
located or so protected by nonflammable waterproof barriers as to pre¬ 
vent any leakage or moisture from condensation reaching high-voltage 
wiring or apparatus, and such pipes shall be installed without valves or 
traps within the vault. 

141. Storage in Vaults. —Materials shall not be stored in transformer 
vaults. 
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OVERCURRENT PROTECTION 

142. 600 Volts or Less. —If located inside building, each transformer or 
bank of transformers operating as a unit, except instrument transformers, 
shall be separately protected on the primary side by an automatic over- 
current device rated or set at not more than 200 per cent of the full-load 
current rating of the transformer or bank of transformers. Potential 
instrument transformers should be protected in the primary circuit by 
fuses rated at not more than 5 amp. 

148. Exceeding 600 Volts.—Each transformer, or bank of transformers 
operating as a unit, except instrument transformers, and each other 
operating unit of apparatus, shall be protected from overcurrent by a 
manually operable circuit breaker which will interrupt all ungrounded 
conductors, except as provided in Sec. 144. Transformers operating in 
multiple, except in the case of two transformers of equal capacity, shall 
be separately protected on both primary and secondary sides. 

Potential instrument transformers should be protected in the primary 
circuit by fuses rated at not more than 2 amp. 

It is recommended that an external resistor be placed in series with the 
primary winding of a potential instrument transformer of high voltage 
rating in order to limit the possible short-circuit current to a value which 
can safely be interrupted by a fuse. 

144. Fuses. —Oil-filled or other suitable types of fuses may be used 
on circuits not exceeding 2,500 volts to ground and rated at not 
more than 300 amp., or not exceeding 7,500 volts and 100 amp., for the 
following purposes: 

a. For the protection of individual feeder or branch circuits at the point 
where they receive their supply. If there is more than one such circuit, 
there shall be a manually operable circuit breaker between the point of 
origin of such circuits and the source of supply. 

b. For the protection of individual transformers, or banks of trans¬ 
formers operating as a unit when such transformers are supplied by a 
common feeder, provided that such feeder at the point where it receives 
its supply shall be protected by a circuit breaker which can be operated 
manually by either mechanical or electrical means. A circuit supplying 
a single transformer or bank of transformers need not have circuit- 
breaker protection. 

c. For the protection of other classes of apparatus by special 
permission. 

Injury from Fuses. —Fusible cutouts shall be so installed that the 
blowing of the fuse will not result in injury to persons or damage to other 
equipment. They shall be accessible to qualified attendants only. 

146. The following instructions (Secs. 146 to 167) for procedure in 
installing, caring for, and operating transformers have been taken from 
National Electrical Manufacturers* Association publication 37-46 and 
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from Transformer Installation Book 5019A of the Allis-Chalmers 
Manufacturing Co. Except as noted the authority is the N.E.M.A. 
publication. 

146 . Location.—Accessibility, ventilation, and ease of inspection 
should be given careful consideration in locating transformers. 

Water-cooled transformers depend almost entirely upon the flow of 
water through the cooling coils for carrying away heat, so that the 
temperature of the surrounding air has little effect upon that of the trans¬ 
formers. For this reason air circulation is of minor importance, and 
water-cooled transformers may be located in any convenient place with¬ 
out regard to ventilation. 

Self-cooled transformers depend entirely upon the surrounding air 
for carrying away their heat. For this reason care must be taken to 
provide adequate ventilation. For indoor installation the room in 
which the transformers are placed must be well ventilated so that heated 
air can escape readily and be replaced by cool air from outside. Inlet 
openings should be near floor level and distributed to be most effective. 
The outlet or outlets should be as high above the apparatus as construc¬ 
tion of building will permit. The number and size of air outlets required 
will depend on their distance above the transformer, and on the effi¬ 
ciency and load cycle of the apparatus. In general, about 20 sq. ft. of 
outlet opening or openings should be provided for each 1,000 kva. of 
transformer capacity. Air inlets should be provided with the same total 
area as the outlets. If the transformer will be required to operate for 
considerable periods at continuous full load, the areas of the inlet and 
outlet openings should be increased to about 60 sq. ft. per 1,000 kva. of 
transformer capacity. 

147 . Storage.—When a transformer can be set up immediately in its 
permanent location and filled with oil, it is advisable to do so, even though 
it will not be put into service for some time. If this is not convenient it 
should be stored in a dry place having no rapid or radical temperature 
changes, and, if possible, filled with dry transformer oil. The transformer 
should not be stored or operated in the presence of corrosive gases such 
as chlorine, etc. If an indoor transformer is stored outdoors, it should be 
thoroughly covered to keep out rain. 

148 . Handling.—When lifting a transformer, the lifting cables must 
be held apart by a spreader to avoid bending the lifting studs or other 
parts of the structure. 

Where a transformer cannot be handled by a crane, it may be skidded 
or moved on rollers, but care must be taken not to damage the base or 
tip the transformer over. A transformer should never be lifted or moved 
by placing jacks or tackle under the drain valve, cooling-coil outlets, 
radiator connections, or other attachments. When rollers are used 
under large transformers, skids must be used to distribute the stress over 
the base. 



966 


AMERICAN ELECTRICIANS' HANDBOOK [Div. 6 


When working about a transformer, particular care must be taken in 
handling all tools and other loose articles, since anything metallic 
dropped among the windings and allowed to remain there may cause a 
breakdown. 

149. Inspection Preliminary to Installation. —Transformers are in 
first-class operating condition when shipped by the manufacturer, i.e ., 
they have been thoroughly tested for defects and are perfectly dry. 

When received, examination should be made before removing from 
cars, and, if any injury is evident or any indication of rough handling is 
visible, railroad claim should be filed at once, and the manufacturer 
should be notified. 

Moisture may condense on any metal if the metal is colder than the 
air, and, if present, it lowers the dielectric strength and may cause a 
failure of the transformer. Therefore, if transformers or oil drums are 
brought into a room warmer than they are, they should be allowed to 
stand before opening until there is no condensation on the outside and 
they are thoroughly dry. 

Before installation, each individual transformer should be thoroughly 
examined for indications of moisture and inspected for breakage, injury, 
or displacement of parts during shipment. In addition, all accessible 
nuts, bolts and studs should be tightened if necessary. Before being 
placed in service, transformers having a plurality of voltage connections 
should be carefully checked to ensure that they are connected for opera¬ 
tion at the required voltage and on the proper tap. 

It is standard practice to ship transformers connected for their maxi¬ 
mum voltage. 

If transformers arc water-cooled, the cooling coils should be tested for 
leaks at a pressure of 80 to 100 lb. per sq. in. Water, oil, or preferably 
air may be used in the coil for obtaining the pressure. The coil must be 
outside the tank, i.e., away from the winding insulation if water is used 
for the pressure test. When pressure is obtained, the supply should be 
disconnected, and after 1 hr. it should be determined whether any fall 
in pressure is due to a leak in the coil or to a leak in the fittings at the 
* 11(18 of the coil. 

150. Transformers Shipped Filled with Oil.—Each transformer shipped 
filled with oil should be inspected to sec whether there is any condition 
indicating the entrance of moisture during shipment. 

If the transformer is received in damaged condition, so that water or 
other foreign material has had a chance to enter the tank, the transformer 
should be emptied of oil and treated as though not shipped in oil, and in 
no case may drying be omitted. 

In all cases samples of oil should be taken from the bottom and tested. 
The dielectric strength of the oil when shipped is at least 22 kv. between 
1-in. disks spaced 0.1 in. apart. A new transformer should not be put 
into service with oil which tests below this value. 
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161. Transformers Shipped Assembled without Oil. —Each trans¬ 
former shipped assembled but not filled with oil should be carefully 
inspected for damage in shipment. A thorough inspection can only be 
made by removing core and coils from the tank. All dirt should be 
wiped off and parts examined for breakage or other injuries. All con¬ 
ductors and terminals should be examined to check their proper condition 
and position. The coil and core clamps should be tightened if necessary. 

The tank should be inspected and, if necessary, cleaned. 

When a transformer is shipped assembled but not filled with oil, 
moisture may be absorbed during transportation. For this reason it is 
good practice to dry out all such transformers, especially transformers 
above 7,500 volts, before putting them into service. 

162. Transformers Shipped Disassembled.—Only very large trans¬ 
formers are shipped in this way, and special instructions covering features 
incident to this method of shipping are supplied by the manufacturer. 
These instructions should be carefully followed. 

163. Drying Core and Coils.—There are a number of approved methods 
of drying out transformer core and coils, any one of which will be satis¬ 
factory if carefully performed. However, too much stress cannot be 
laid upon the fact that, if carelessly or improperly performed, great 
damage may result to the transformer insulation through overheating. 

The methods in use may be broadly divided into two classes: 

1. Drying with the core and coils in the tank with oil. 

2 . Drying with the oil removed. The core and coils may or may not 
be removed from the tank. 

164. Drying with Oil in Tank.—Under the first class, the moisture is 
driven off by sending current through the winding while immersed in 
oil, with the top of the tank open to the air or with some other arrange¬ 
ment made for adequate ventilation. The current necessary for this 
class can be secured by the short-circuit method. 

ThiB method consists in heating the windings and oil up to a high 
temperature for a limited time under short circuit with a partial load on 
the windings, the high oil temperature being obtained by blanketing the 
tank (or reducing the flow of water for water-cooled transformers). 

When a transformer is short-circuited in this manner, only a fraction 
of the normal voltage should be applied to one winding. In using this 
method, the load current and maximum top-oil temperature should be 
in accordance with the tabulation included on the following page. 

During the drying run, ventilation additional to that ordinarily pro¬ 
vided should be maintained by slightly raising the manhole cover and 
protecting the opening from the weather. With good ventilation, the 
moisture, as it is driven off in the form of vapor, will escape to the outside 
atmosphere, and no condensation of moisture will take place on the under¬ 
side of the cover or elsewhere, provided these parts are lagged with heat- 
insulating material to prevent condensation of moisture within. 
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The following table shows the short-circuit current in percentage of 
full-load current which may be used for this method of drying trans¬ 
formers, with the corresponding maximum allowable top-oil temperature 
in degrees centigrade. Less than 5 per cent of normal voltage will 
usually be required to circulate the current in the windings. 


Self-cooled 
transformers 

Water-cooled 

transformers 

Maximum top-oil 
temperatures, 
deg. C. 

Short-circuit amp. in percentage 
of full load 

50 

50 

85 

75 

60 

80 

85 

75 

75 


These temperature limits and loads must be strictly adhered to in 
order to obtain the desired results without danger to the transformers. 

It should be noted that the higher allowable temperatures go with the 
smaller loads, i.e., more blanketing or less water will be required for the 
smaller loads than for the higher, in order to bring the oil temperature 
up to the point shown in the table. 

When to Discontinue Drying.—Drying should be continued until oil 
from the top and bottom of the tank tests 22 kv. or higher for seven 
consecutive tests taken 4 hr. apart with the oil maintained at maximum 
temperature for the load held and without filtering. The testing of the 
oil for dielectric strength should be made between parallel disks 1 in. 
square and spaced Jlo in. apart. All ventilating openings should then be 
closed, and the transformer kept at the same temperature for another 
24 hr. without filtering the oil, and as before the oil should be tested at 
4-hr. intervals. A decrease in the dielectric strength of the oil indicates 
that moisture is still passing from the transformer into the oil, and drying 
should be continued. The temperature of the oil samples when tested 
should preferably be at room temperature and not in excess of 40°C. 

Unless constant or increasing dielectric strength as shown by these 
tests indicates that drying is completed, the ventilators should be 
opened, the oil filtered, and the drying process continued. 

After the short-circuit run is discontinued, the transformer should be 
operated for 24 hr. at approximately two-thirds voltage and at the 
same high temperature, making similar tests of oil samples and filtering 
the oil if necessary. After satisfactory two-thirds-voltage test, full 
voltage should be applied for 24 hr. and the same tests repeated. Water- 
cooled transformers may require some water to hold the top-oil tempera¬ 
ture within the 85°C. limit during this test. 
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156. Drying with Oil Removed. —Typical of the second class, t.e., 
drying with the oil removed, are the three following methods: 

a. By internal heat. 

b. By external heat. 

c. By internal and external heat. 

a. By Internal Heat. —For this method alternating current is required. 
The transformer should be placed in its tank without the oil and with 
the cover left off to allow free circulation of air. Either winding can 
be short-circuited, and sufficient voltage should be impressed across 
the other winding to circulate enough current through the coils to main¬ 
tain the temperature at from 75° to 80°C. About one-fifth of normal 
full rated current is generally sufficient to do this. The impressed 
voltage necessary to circulate this current varies within wide limits 
among different transformers but will generally be approximately one-half 
of 1 per cent to 1per cent of normal voltage, at normal frequency. 

The end terminals of the winding must be used, not taps, so that cur¬ 
rent will circulate through the total winding. The amount of current 
may be controlled by a rheostat in series with the exciting winding. 
Proper precaution should be taken to protect the operator from dangerous 
voltage. 

This method of drying out is superficial and slow and should be used 
only with small transformers, and then only when local conditions pro¬ 
hibit the use of one of the other methods. 

b. By External Heat.—The transformer should be placed in a box with 
holes in the top and near the bottom to allow air circulation. The clear¬ 
ance between the sides of the transformer and the box should be small 
so that most of the heated air will pass up through the ventilating ducts 
among the coils and not around the sides. The heat should be applied 
at the bottom of the box. With some types of transformers it is better 
to distribute the heat evenly around the lower coils. 

The best way to obtain the heat is from grid resistors, using either 
alternating or direct current. The temperature limits of ingoing air are 
85 to 90°C. The transformer must be carefully protected against direct 
radiation from the heaters. Care must also be taken to see that there is 
no inflammable material near the heaters, and to this end it is advisable 
to line the wooden box completely with asbestos. Also, when forced air 
is used, suitable baffles should be placed between heater and inlet to the 
transformer enclosure. 

Instead of placing the heater inside the box containing the transformer, 
it may be placed outside, the heat being carried into the bottom of the box 
through a suitable pipe. Where this plan is followed, the heat may be 
generated by the direct combustion of gas, coal, or wood, provided that 
none of the products of combustion are allowed to enter the box contain¬ 
ing the transformer. Heating by combustion is not advocated except 
when electric current is not available. 
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This method, although effective, requires a much longer time than 
method c. 

c. By Internal and External Heat. —This is a combination of methods 
a and 6. The transformer should be placed in a box and external heat 
applied as in 6, and current circulated through the windings as in o. 
The current should, of course, be considerably less than when no external 
heat is applied. 

This method is used occasionally where direct current only is available, 
a certain amount of current being passed through the high-voltage wind¬ 
ing only, as the cross-sectional area of the low-voltage conductor is gen¬ 
erally too large for it to be heated with an economical amount of direct 
current. The use of direct current for drying out is not recommended 
except where alternating current cannot be obtained. When this method 
of drying is used, the temperature should be measured by the increase- 
in-resistance method. 

Method c requires technically skilled supervision. 

Time Required for Drying. —There is no definite length of time for 
drying. One to three weeks will generally be required, depending upon 
the condition of the transformer, the size, the voltage, and the method of 
drying used. 

Insulation Resistance. —The measurement or determination of insula¬ 
tion resistance is of value in determining the course of drying only when 
the transformer is without oil. If the initial insulation resistance is meas¬ 
ured at ordinary temperatures, it may be high although the insulation is 
not dry, but as the transformer is heated up it will drop rapidly. 

As the drying proceeds at a constant temperature, the insulation 
resistance will generally increase gradually until toward the end of the 
drying period, when the increase will become more rapid. Sometimes the 
resistance will rise and fall through a short range one or more times before 
reaching a steady high point. This is caused by moisture in the interior 
parts of the insulation working its way out through the outer portions 
which were dried at first. 

As the temperature varies, the insulation resistance also varies greatly; 
therefore the temperature should be kept nearly constant, and the resist¬ 
ance measurements should all be taken at as nearly the same temperature 
as possible. The insulation resistance in megohms varies inversely 
with the temperature, and, for a 10°C. change of temperature, the 
megohms change by a ratio of 2:1. Measurements should be taken every 
2 hr. during the drying period. 

Resistance Curve. —A curve of the insulation-resistance measurements 
should be plotted with time as abscissas and resistance as ordinates. 
By observation, the knee of the curve (i.e., the point where the insula¬ 
tion resistance begins to increase more rapidly) can be determined, and 
the run should continue until the resistance is constant for 12 hr. 
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The Allis-Chalmers Manufacturing Co. further recommends that the 
insulation resistance should be as great or greater than that given by the 
following formula and that the megohm resistance should be taken with 
all windings grounded except the one being tested. 

Megohms at 85°C. in air or at 


40°C. in oil 


kv. X 30 

VUE 


where kv. * kilovolts of winding involved; and kva. = kilovolt-amperes 
of transformer per phase. 

The megohms vary inversely with the temperature, and for a 10°C. 
change of temperature the megohms change in ratio of 2:1. For example, 
Megohms at 85°C. = 300 

Megohms at 75 C C. — 600 

Megohms at 60°C. = 1,200 
Megohms at 56°C. * 2,400 

166. Precautions to Be Observed in Drying without Oil.—As the dry¬ 
ing temperature approaches the point where fibrous materials deteriorate, 
great care must be taken to see that there are no points where the tem¬ 
perature exceeds 85°C. Several thermometers should be used, and they 
should be placed well in among the coils near the top and screened from 
air currents. Ventilating ducts offer particularly good places in which to 
place some of the thermometers. As the temperature rises rapidly at 
first, the thermometers must be read at intervals of about hr. In 
order to keep the transformer at a constant temperature for insulation- 
resistance measurements, one thermometer should be placed where it 
can be read without removing it or changing its position. The other 
thermometers should be shifted about until the hottest points are found 
and should remain at these points throughout the drying period. Wher¬ 
ever possible, the temperature should be checked by the increase-in¬ 
resistance method. 

167. Caution in Drying Out.—It is well to have a chemical fire extin¬ 
guisher or a supply of sand at hand for use in case of necessity. 

It is not safe to attempt the drying out of transformers without giving 
them constant attention. 

168. Sampling and Testing of Oil.—The sample container should be a 
large-mouthed glass bottle. All bottles should be cleaned and dried with 
gasoline before being used. A cork stopper should be used. 

The sample for dielectric tests should be at least 16 oz.; if other tests 
are to be made, 1 qt. (32 oz.). 

Test samples should be taken only after the oil has settled for some 
time, varying from 8 hr. for a barrel to several days for a large trans¬ 
former. Cold oil is much slower in settling and may hardly settle at all. 
Oil samples from the transformer should be taken from the oil-sampling 
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valve at the bottom of the tank. Oil samples from a barrel should be 
taken from the bottom of the drum. A brass or glass r1 thief ” can be 
conveniently used for this purpose. The same method should be used 
for cleaning the “thief” as is used for cleaning the container. 

When drawing samples of oil from the bottom of the transformer or 
large tank, sufficient oil must first be drawn off to make sure that the 
sample will be comprised of oil from the bottom of the container and not 
from the oil stored in the sampling pipe. A glass receptacle is desirable 
so that, if water is present, it may be readily observed. If water is 
found, an investigation of the cause should be made and a remedy 
applied. If water is not present in sufficient quantity to settle out, the 
coil may still contain considerable moisture in a suspended state. It 
should, therefore, be tested for dielectric strength. 

For testing oil for dielectric strength, some standard device for oil 
testing should be used. The standard oil-testing spark gap has disk 
terminals 1 in. in diameter spaced 0.1 in. apart. The testing cup should 
be cleaned thoroughly, to remove any particles of cotton fiber, and rinsed 
out with a portion of the oil to be tested. 

The spark-gap receptacle should be filled with oil, both oil and spark 
gap being at room temperature or approximately 25°C. After filling the 
receptacle, allow to 1 min. for air bubbles to escape before applying 
voltage. 

The rate of increase in voltage should be about 3,000 volts per sec. 
Five breakdowns should be made on each filling, and then the receptacle 
emptied and refilled with fresh oil from the original sample. The aver¬ 
age voltage of 15 tests (five tests on each of three fillings) is usually 
taken as the dielectric strength of the oil. It is recommended that the 
test be continued until the mean of the averages of at least three fillings 
is consistent. 

The dielectric strength of oil when shipped is at least 22 kv. tested in 
the standard gap. If the dielectric strength of the oil in a transformer 
in service tests at less than 17,500 volts, it should be filtered. New oil of 
less than the standard dielectric strength should not be put in a 
transformer. 

159. Drying Oil and Filling Transformer.—In removing moisture from 
transformer oil, it is preferable to filter from one tank and discharge 
into another, although if necessary it may be drawn from the bottom 
of a tank and discharged at the top. When there is much water in the 
oil, it should be allowed to settle, and then be drawn off and treated 
separately. 

Before the transformer is filled with oil, all accessories, such as valves, 
gages, thermometers, plugs, etc., must be fitted to the transformer and 
made oiltight. The threads should be filled in accordance with instruc¬ 
tions from the manufacturer before putting them in place. The trans¬ 
formers must be thoroughly cleaned. 
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Metal hose must be used for filling instead of rubber hose, because oil 
dissolves the sulphur found in rubber and may cause trouble if the 
sulphur attacks the copper. 

The oil used should be clean, dry oil of the grade recommended by 
the manufacturer. 

The use of a filter press is recommended, and if one is not available 
some precaution should be taken to strain the oil before putting it in the 
transformer. 

After filling the transformer, the oil should be allowed to settle at 
least 12 hr., and then samples taken from the bottom should be again 
tested before voltage is applied to the transformer. 

It is very important that the surfaces of the oil when cold (25°C.) 
be at the oil level indicated by the mark on the oil gage. When the 
transformer is not in service, the oil level must never be allowed to fall 
to a point where it does not show in the gage. When it is necessary to 
replenish the oil, care must be taken to see that no moisture finds its 
way into the tank. As the oil heats up with the transformer under load, 
it will expand and rise to a higher level. 

160. Putting into Service.—When the voltage is first applied to the 
transformer it should, if possible, be brought up slowly to its full value so 
that any wrong connection or other trouble may be discovered before 
damage results. After full voltage has been applied successfully, the 
transformer should preferably be operated in that way for a short period 
without load. It should be kept under observation during this time and 
also during the first few hours that it delivers load. After 4 or 5 days' 
service it is advisable to test the oil again for moisture. 

If the transformer is water cooled the main water valve should be 
opened as soon as the oil temperature reaches 45°C. If there are two or 
more sets of cooling coils in parallel, the valves of all sections should be 
adjusted for equal rates of flow. This can be estimated by feeling the 
weight of the discharge streams from the different sections. It can be 
determined best, however, by noting the difference in temperature 
between ingoing and outgoing water from each section. A careful meas¬ 
ure should be taken of the total amount of water flowing through all 
sections, and the total rate of flow should be adjusted to a value not less 
than that specified. 

161. Care.—The idea that a transformer in service needs no attention 
may lead to serious results. Careful inspection is essential, and the direc¬ 
tions given in this section should be followed. 

In spite of all precautions, moisture may be absorbed by the trans¬ 
former if it is of the open type, and during the first few days of operation 
it is well to inspect the inside of the manhole cover for moisture. If 
sufficient moisture has condensed to drip from the cover, the trans¬ 
former should be taken out of service and dried. The oil should be tested 
and dried if necessarv. 
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Closed-type transformers should have their oil tested at top and 
bottom after the first few days of operation to make sure that no mois¬ 
ture is being given off from the transformer into the oil. 

Samples of oil from all transformers should be drawn and tested at 
least once every 6 months. 

During the first month of service of transformers having a potential of 
40,000 volts or over, samples of oil should be drawn each week from the 
bottom of the tank and tested. 

If at any time the oil should test below 17,500 volts, it should be 
filtered. 

Closed-type transformers when properly dried out and installed will 
need thorough inspection only infrequently, i.e., only when there are 
specific indications of trouble. Other types of transformers should be 
taken out of service periodically for a thorough inspection. The inside 
of the cover and the tank above the oil should be regularly inspected to 
see that it is clean, dry, and free from moisture and that the thermometer 
bulb is clean. If an appreciable amount of dirt or sediment is found 
inside the case, it is best to untank the transformer and remove the oil 
from the tank. The transformer and the tank should then be cleaned 
thoroughly and the oil filtered and tested. In cleaning, only dry cloths 
or waste should be used. Care should be taken to see that all nuts are 
tight and that all parts are in their proper places. If the transformer is 
water cooled, the cooling coils should be cleaned thoroughly. The trans¬ 
former and the oil should be replaced in the tank, and, when the cover 
is put on, all cracks and openings should be closed tightly. 

In the case of water-cooled transformers the rate of flow should be 
checked from time to time, and, if it is found to have diminished, the 
cause should be looked for and remedied. The most frequent cause of 
clogging of cooling coils is the presence of air in the water, resulting in 
the formation of a scaly oxide. 

162. Removing Scale from Cooling Coils. —Scale and sediment can 
be removed from a cooling coil without removing the coil from the tank. 
Both inlet and outlet pipes should be disconnected from the water system 
and temporarily piped to a point a number of feet away from the trans¬ 
former, where the coil can be filled and emptied safely. Especial care 
must be taken to prevent any acid, dirt, or water from getting into the 
transformer. 

All the water should be blown or siphoned from the cooling coils, 
which should then be filled with a solution of hydrochloric (muriatic) 
acid—specific gravity, 1.10. (Equal parts of commercially pure con¬ 
centrated hydrochloric acid and water will give this specific gravity.) 

It may be found necessary to force this solution into the cooling coils. 
When this is done one end of the coil should be partially restricted, so 
that the solution will not be wasted when the coil is full. After the 
solution has stood in the coil about 1 hr., the coil should be flushed out 
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thoroughly with clean water. If all the scale is not removed the first 
time, the operation should be repeated until the coil is clean, using new 
solution each time. The number of times it is necessary to repeat the 
process will depend on the condition of the coil, though ordinarily one or 
two fillings will be sufficient. 

As the chemical action which takes place may be very violent and may 
often force acid, sediment, etc., from both ends of the coil, it is well to 
leave both ends partially open to prevent abnormal pressure. 

163/ Idle Cooling Coils.—When a water-cooled transformer is idle and 
exposed to freezing temperatures, the water must be blown out of the 
cooling coil. In addition to blowing out the water, the cooling coils 
should be dried by forcing heated air through them. If it is not con¬ 
venient to do this, the coil should be filled with transformer oil. 

164. Stopping Oil Leaks (Allis-Chalmers Manufacturing Co.).—Oil 
leaks at gasketed joints can often be stopped by tightening the bolts, but 
if this is not effective new gaskets must be installed. Special cork is 
available for this purpose. An adhesive such as shellac, bakelite var¬ 
nish, or other suitable material should be used. 

Oil leaks at welds may be stopped by peening, soldering, or welding. 
Penning is often effective for small stains, and soldering alone or a com¬ 
bination of peening and soldering will usually be effective with larger 
leaks. For this purpose an excellent hard solder having a melting point 
of 365°F., known as Iron Fix, can be purchased from The Aluminum 
Fix Co., Cleveland, Ohio. Special soldering coppers and a special flux 
are provided along with specific instructions. 

Leaks which cannot be stopped by any of these methods must be 
welded. In welding transformer tanks with the core and coils in place 
the oil should not be removed. 

166. Operation (General).—An artificially cooled transformer should 
not be run continuously, even at no load, without the cooling medium. 
Therefore, it is essential to maintain a proper circulation in the cooling 
system. 

If the water circulation in a water-cooled transformer is stopped 
for any reason, the load should be immediately reduced as much as possi¬ 
ble and close watch kept of the temperature of the transformer. When 
the oil at the top of the tank reaches 80°C. the transformer must be cut 
out of service at once. This temperature should be recognized as an 
absolute limit and must not be exceeded. It should be held only during 
an emergency period of short duration. 

Nearly all cooling water will in time cause scale or sediment to form 
in the cooling coil. The time required to clog up the cooling coils 
depends on the nature and amount of foreign matter in the water. The 
clogging materially decreases the efficiency of the coil and is indicated by 
a high oil temperature and a decreased flow of water, load condition and 
water pressure remaining the same. 
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166. Temperature. —Thermometers should be read daily or more often. 
If, at rated load or less, the oil temperature reaches 80°C. for an oil- 
immersed, self-cooled transformer or an oil-immersed, forced-air-cooled 
transformer, or 65°C. for an oil-immersed, water-cooled transformer, it is 
advisable to check operating conditions. 

Oil-immersed, self-cooled transformers or oil-immersed, forced-air¬ 
cooled transformers should not be operated for long periods of time at oil 
temperatures in excess of 80 C C. on account of increased rate of deteriora¬ 
tion of the insulations. The oil temperature in these transformers 
should not be allowed to exceed 90°C. even for short periods of time. 

If the oil temperature in oil-immersed, water-cooled transformers 
should exceed 65°C. at rated load or less, either the cooling coils need 
cleaning, an insufficient amount of cooling water is being used, or the 
temperature of the cooling water is higher than 25°C. The oil tempera¬ 
ture in oil-immersed, water-cooled transformers should not be allowed to 
exceed 75°C. even for short periods of time. A lower oil temperature is 
recommended for oil-immersed, water-cooled transformers on account 
of the greater difference between the temperatures of the windings and 
of the oil than in oil-immersed, self-cooled transformers. 

Regardless of oil temperatures as indicated by thermometers, trans¬ 
formers should not be operated continuously at overloads in excess of 
1 per cent for each degree that the ambient is below 30°C. for air and 25°C. 
for water. In no case should the overload exceed 30 per cent for self- 
cooled transformers and 25 per cent for water-cooled transformers unless 
stipulated by the specification or contract. During overloads the 
transformer should be watched with special care. 

Moisture may get into an open-type transformer owing to the fact 
that as oil is heated and cooled it expands and contracts, causing air to 
be expelled from and drawn into the transformer. If the air which 
enters the transformer is at the same time cooled by contact with the 
cover to below its dew point, moisture will condense. 

It is therefore good practice to operate transformers at several 
degrees above air temperatures at all times. This will largely prevent 
condensation. 

167. Recommendations Relative to Pole -mounted Transformers. 
Pole Mounting. —Convenient lugs or eyebolts are provided on the side 
of the case to which the rope lifting the transformer may be attached. 
It will be found convenient to fasten the hanger irons to the case before 
the transformer is raised to the crossarm. The transformer can then be 
raised up to and slightly above the crossarm, and the hooks on the 
hanger irons can then be made to engage the crossarm by lowering the 
transformer. 

Pole-mounted transformers may be filled with oil, either before or 
after mounting, as desired. It is sometimes necessary to add oil a short 
time after the transformer has been installed, owing to the fact that the 
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insulation will absorb a certain amount of oil. It may be found neces¬ 
sary to replenish the oil from time to time during actual operation in 
order that the normal oil level be kept constant. When the transformer 
oil is replenished, care should be taken that no moisture finds its way 
inside the case. 

Replacing the Cover. —Great care should be exercised in putting on the 
cover. If the gasket is not properly in place or the cover not securely 
bolted to the case, moisture in the form of snow or rain may be driven 
into the transformer tank. 

It is very important that the surface of the oil when cold (25°C.) 
be at the oil level indicated on the inside of the tank or on the oil gage. 

The following practice is recommended for the care of pole-mounted 
distribution transformers in service: 

1. The oil level should be inspected once every year and enough oil 
added to bring the level up to the mark inside the tank or on the oil gage. 

2. Periodically the condition of the oil should be inspected, and if 
necessary the oil should be removed and replaced with good clean oil. 

3. A periodic check of the load should be made to make sure a trans¬ 
former is not being overloaded. 

168. Care and operation of transformers immersed in noninflam- 
mable, nonexplosive liquids is, in general, the same as for those which are 
oil immersed. The liquid may be dehydrated and filtered by means of 
special equipment designed for the purpose. Regular oil-filtering equip¬ 
ment cannot be used. The same great care with respect to moisture 
must be taken with these transformers as the regular types. The 
transformer cover should not be taken off in a manhole. 

Precaution should be taken in handling the liquid as it has an irritating 
effect upon the skin; more so to some persons than others. Especially 
the eyes, nose, and lips are affected when coming in contact with the 
liquid, and safety precautions must be observed when handling it. 

When handling the liquid or working on a transformer filled with the 
liquid, an application of castor oil is recommended for the eyes, and castor 
oil or cold cream for the nose and lips. In case the liquid comes in contact 
with the skin, the part should be thoroughly washed and cleaned. 

A person should be careful about looking down into the transformer 
case, as the liquid gives off a gas at 80°C. which causes irritation to 
eyelids, nostrils, and lips. When working around one of these trans¬ 
formers the hands should be coated with grease and the eyes, nose, and 
lips protected as advised above. 

POLE AND PLATFORM MOUNTING OF TRANSFORMERS 

169. Mounting Distributing Transformers. —Units of the smaller 
capacities are supported either directly on the poles or on crossarms in 
accordance with instructions furnished by their manufacturers. Gear 
and Williams recommend that, for transformers of capacities larger than 
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20 kw., double crossarms should be used at the top, as the top arms carry 
most of the weight. 44 Where the installation consists of three 15-kw. or 
larger transformers it is advisable to use a larger-sized crossarm than the 
standard. An arm having a cross section of 4 by in. has been 
found ample for installations aggregating 90 to 100 kw.” 

44 Where a large amount of power is needed which requires a number 
of 50-kw. units which cannot be conveniently installed inside the build¬ 
ing, they can be safely and conveniently installed on a platform between 
two or more poles as shown in Fig. 75. The use of units larger than 
50 kw. is usually not advisable as they are so heavy as to be incon¬ 
venient to handle, and replacing them in case of a burnout is a con¬ 
siderable task. A platform for supporting three 50-kw. units can be 



End Elevation Side Elevation 

Fig. 75.—Platform for large transformers. 


built by bolting in gains, between two poles, 2-3 in. X 10-in. planks and 
nailing to them a floor of 2-in. plank.” 

170. Methods of Crossarm and Platform Mounting of Transformers.— 
The methods of mounting transformers described and illustrated in the 
following paragraphs were taken from a 4 ‘Report of the Committee on 
Overhead Line Construction” of the Pennsylvania Electric Association. 
The practices outlined were those followed by the Allegheny County 
Light Co. The methods provide ample clearances for linemen climbing 
the poles and assure that the wiring will remain in place and not give 
trouble from short circuits. Platforms are recommended for supporting 
the larger transformers because of the accessibility for repairs or replace¬ 
ments that they provide. 

171. Crossarm Method of Mounting Single Transformers of from 1- to 
4-kva. Capacity. —The transformer should be supported by the iron 
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hangers furnished by the manufacturer and hung at the central point on 
the crossarm and not out on the arm away from the pole. At the bottom 
of the hanger a section of an arm, not longer than the diameter of the 
pole, should be fastened to the pole with two lag bolts. The trans¬ 
former can be hung on the bottom arm, if one is in place and supports 
lines, provided this arm is in the second gain or a lower one. The 
primary mains feeding the transformer should be on an upper arm. 



Side Elevation front Elevation Wfthot/t Transformer 

Fig. 76.—Method of supporting a 5- to 10-kw. transformer. 


In installations where the transformers are more than 4 ft. below the 
arm supporting the primary mains, it is advisable to mount Western 
Union pins horizontally in the line arms. On these pins the primary wires 
can be tied to maintain them rigid. Iron pins should also be mounted 
in the transformer arm to take the stress imposed on the primary con¬ 
ductors by the fuse terminal screws. 



Front Elevation Without Transfbrmers 


Fig. 77.—Method of supporting two 5-kva. or two 10-kva. transformers. 


172. Method of Mounting Transformers of from 5- to 30-kva. Capac¬ 
ity (Fig. 76).—The same rules should be followed as outlined in the 
preceding paragraph with the following additions: The transformers, on 
account of their increased weight and dimensions, should not be hung on a 
line arm. A specially placed arm should be used underneath existing 
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173. Method of Mounting Two 5-kva. or Two 10-kva. Transformers 

(Fig. 77). —Construction similar to that above described should be used 
except that a standard arm should be placed at the bottom on which the 
hanger irons can rest. Also only one special brace (24 X 2 X in.) 
per transformer should be placed between the lug and hanger iron next 
to the pole. 

174. Method of Mounting Three 5-kva. Transformers (Fig. 78).— 
The construction should be similar to that outlined in the preceding 




Fig. 81.—Single-pole platform for two 20-kva., two 30-kva. t or one 50-kva. 

transformer. 

paragraphs, except that the special braces supporting the outside trans¬ 
formers are 33 in. between centers of holes. It is also advisable to place 
an additional crossarm on the rear side of the pole. This arm braces the 
front arm and provides a place where fuse blocks can be mounted. 

176. Method of Mounting Three 10-kva. Transformers (Figs. 79 and 
80).—The construction is similar to that for three 5-kva. transformers 
with the following addition: The top arm supporting the transformers 
should be reinforced with a piece of angle iron 5 X 3 in. X the length of 
crossarm, which should be placed with the 3-in. leg on the top of the arm. 

176. Method of Mounting Two 20-kva., Two 30-kva., or One 50-kva. 
Transformer (Fig. 81).—For transformers of these capacities a single¬ 
pole platform is recommended. The beams for the platform should be 
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4 in. X 6 lb. channel iron 8 ft. long. The braces used are a single piece 
of angle iron 3 X 3 X % in. bent in a V shape. Pine or oak planks 
2 X 12 X 24 in. are to be laid across the channel irons for the trans¬ 
formers to rest upon. The wooden platform is to be held together by 



Fia. 82.—Double-pole platform for three 20-kva., two 50-kva., or three 
50-kva. transformers. 

a 2 X 2 in. strip of wood running on the outside of the channel iron, to 
which the planks are secured by 4-in. wood screws or 20-penny nails. 

177. Method of Mounting Three 20-kva., Three 30-kva., Two 60-kva., 
or One 50-kva. Transformer (Fig. 82).—The poles should be spaced 10 ft. 
apart on centers. The main channel irons are 6 in. X 10 lb. X 10 ft. 6 in. 
over all. Braces are of 3 in. X 4 lb. channel. 
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POLE LINES—GENERAL, CONSTRUCTION, AND EQUIPMENT 


1. The reports of the committee on overhead line construction of the 
National Electric Light Association contain what are probably the best 
and most complete specifications for pole-line construction for lighting 
and power distribution that have ever been compiled. Some of the 
matter in this section regarding pole lines has been abstracted from those 
reports. The National Electric Light Association has been reorganized 
and succeeded by the Edison Electric Institute (E.E.I.). As specifica¬ 
tions and standards of the N.E.L.A. organization are revised, they will 
be known as those of the E.E.I. 

2. The National Electrical Safety Code, U . S. Bureau of Standards 
Handbook, series 3, comprises an exhaustive collection of rules for proper 
installation, maintenance, and operation of electrical distribution sys¬ 
tems. Companies are now, in general, endeavoring to follow these 
rules. Ultimately, it is believed, their adoption will be universal. 

3. There are three principal types of overhead line construction: 

1. Bare or weatherproof covered wire supported by insulators mounted 
on or hung from crossarms located on buildings or near the tops of poles. 

2. Weatherproof covered wire supported by insulators mounted on 
racks on the side of buildings or poles. 

3. Insulated aerial cable which is either self supporting from clamps 
bolted to sides of poles or crossarms or supported by messenger cable 
from clamps bolted to the sides of poles or crossarms. (See Div. 2 for 
descriptions of the types of wire and cable.) 

4. There are four main types of poles used for overhead line con¬ 
struction : 

1. Wood poles. 

2 . Steel poles. 

3. Reinforced-concrete poles. 

4. Structural-steel fabricated towers. 

6. The most common woods for poles are: 

1. Western red oedar, found in the Rocky Mountain regions from 
southern Alaska to the central part of California. 

2. Northern white cedar, found in Michigan, Wisconsin, Minnesota, 
and elsewhere throughout northeastern United States and southeastern 
Canada. 

3. Southern yellow pine, found in Virginia, North and South Carolina, 
Tennessee, and south into Florida and west to Texas. 

084 
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4. Chestnut, found m Virginia, West Virginia, and in some of the other 
southern states, virtually all blight-killed but in a good state of 
preservation. 

5. Redwood, found on the Pacific Coast. 


' Surface at 
ground line 



4 

Sweep or curvature must not exceed 
/" for every 6 ft of dimension B 


I SWEEP IN ONE PLANE AND ONE DIRECTION 


y A *\ Midpoint at ground hne 



This straight hne must not fall Midpoint 
outside the surface of pole at top 


II- SWEEP IN TWO PLANES (DOUBLE SWEEP) OR IN TWO 
DIRECTIONS IN ONE PLANE (REVERSE SWEEP) 

(Applies to western red cedar and southern pine poles only) 

For northern white cedar and chestnut poles the sweep 
in each plane must not exceed the value in I 

Deviation must not exceed £ the diameter 
|— - -- - at the center of the crook ^ 

Axis of section W 5 ft or Jess-^ Axis of section 

below the crook above the crook 

ID SHORT CROOK WHERE THE REFERENCE AXES ARE APPROXIMATELY PARALLEL 


Midoomt of crook 



Axis of pole ^ 5 ft or less V 


Deviation must not exceed 
Y 2 the diameter at the center 
of the crook 


IV- SHORT CROOK WHERE AXES OF SECTIONS ABOVE AND BELOW 
THE CROOK COINCIDE OR ARE PRACTICALLY COINCIDENT 


Axis of section 
below the crook 


L- 5 ft or less A 

Midpoint in cross 
section at upper 
boundary of 
short crook 


Deviation must not exceed 
*/2 the diameter at the 
center of the crook 


V- SHORT CROOK WHERE AXIS OF SECTION ABOVE SHORT CROOK 
IS NOT PARALLEL OR COINCIDENT WITH AXIS BELOW THE CROOK 


Fig. 1. —Allowable sweeps and crooks in wood poles. {American Standards 

Association.) 


Of these, the yellow pine is most commonly used in the eastern states, 
red or white cedar m the central states, and redwood on the West Coast. 
According to the “Standard Handbook,” about two-thirds of all poles 
used are cedar. 
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6. Wood poles are classified into ten classes according to the circum¬ 
ference at the top of the pole and the circumference at a point 6 ft. 
from the butt, as given in the following table: 


Class. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Min. top circumference, 

27 


23 

21 

19 

17 

15 

18 

15 

12 

in. 


25 ^ 









Length of pole, ft. 


] 

Min. circumference 6 ft. f 

rom butt, in 




r 

Northern White Cedar Poles 





16 





26.0 

24.0 

22.0 

T 

i i 

18 



32.5 

30.0 

28.0 

25.5 

23.5 

requirement 

20 

39.5 

37.0 

34.0 

31.5 

29.0 

27.0 

25.0 




22 

41.0 

38.5 

36.0 

33.0 

30.5 

28.0 

26.0 




25 

43.5 

41.0 

38.0 

35.5 

32.5 

30.0 

28.0 




30 

47.5 

44.5 

41.5 

38.5 

35.5 

33.0 

30.5 




35 

50.5 

47.5 

44.0 

41.0 

38.0 

35.0 

32.5 




40 

53.5 

50.0 

46.5 

43.5 

40.0 

37.0 





45 

56.0 

52.5 

49.0 

45.5 

42.0 






50 

58.5 

55.0 

51.5 

47.5 

44.0 






55 

61.0 

57.5 

53.5 

49.5 

46.0 






60 

63.5 

59.5 

__ 

55.5 

51.5 








Western Red Cedar Poles 


16 





23.0 

21.5 

19.5 

1 l 1 

! No butt 

18 



28.5 

20.5 

24.5 

22.5 

21.0 

requirement 

20 

34.5 

32.0 

30.0 

28.0 

25.5 

23.5 

22.0 




22 

36.0 

33.5 

31.5 

29.0 

27.0 

25.0 

23.0 




25 

38.0 

35.5 

33.0 

30.5 

28.5 

26.0 

24.5 




30 

41.0 

GC 

00 

35.5 

33.0 

30.5 

28.5 

26.5 




35 

43.5 

41.0 

38.0 

35.5 

32.5 

30.5 

28.0 




40 

46.0 

43.5 

40.5 

37.5 

34.5 

32.0 





45 

48.5 

45.5 

42.5 

39.5 

36.5 






50 

50.5 

47.5 

44.5 

41.0 

38.0 






55 

52.5 

49.5 

46.0 

42.5 

39.5 






60 

54.5 

51.0 

47.5 

44.0 







65 

56.0 

52.5 

49.0 

45.5 







70 

57.5 

54.0 

50.5 

47.0 







75 

59.5 

55.5 

52.0 

48.5 







80 

61.0 

57.0 

53.5 

49.5 







85 

62.5 

58.5 

54.5 








90 

63.5 

60.0 

56.0 
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Class. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Min. top circumference, 
in. 

27 

25 

23 

21 

19 

17 

15 

18 

15 

12 


Length of pole, ft. 


Min. circumference 6 ft. from butt, in. 


Creosoted Southern Pine Poles 



Chestnut Poles 


10 

.... 




224 

21 

194 

i I 

No butt 

18 



28 

2G 

24 

22 

204 

requirement 

20 

334 

31 4 

29 4 

27 

25 

23 

214 




22 

35 

33 

30 4 

284 

264 

244 

224 




25 

37 

344 

324 

30 

28 

254 

24 




30 

40 

37 4 

35 

324 

30 

28 

26 




35 

42 4 

40 

374 

344 

32 

30 

274 




40 

45 

424 

394 

364 

34 

314 

294 




45 

474 

444 

414 

384 

36 

33 

31 




50 

49M 

464 

434 

40 

374 

344 

32 




55 

514 

484 

45 

42 

39 

36 





60 

53 4 

50 

464 

434 


i 





65 

55 

514 

48 

45 







70 

564 

_ 

53 






1 









. Approximate Weights of Wood Poles in Pounds 

(The MacGilles and Gibbs Co.) 



5 000 4 200 3 600 3 500 

5 500 4 500 4 000 

6 600 5 600 4 800 
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8. Wood-pole Specifications. —The American Standards Association 
(A.S.A.) has standardized the specifications and dimensions for wood 
poles. American Standards Association specifications provide that all 
poles shall be free from sap rot, cracks, bird holes, plugged holes, injurious 
checks, and damage by marine borers. All poles shall be free from 
splits, shakes, hollow, and decay in the tops. Nails, spikes, and other 
metal shall not be present unless specifically authorized by the pur¬ 
chaser. There are further detailed restrictions regarding blue sap stain, 
hollow centers, shakes in the butt surface, splits, grain twist, insect 
damage, scars, etc., which vary with the different types of poles. Anyone 
interested in such details is advised to consult the A.S.A. 

Allowable deviations from straight poles are illustrated in Fig. 1. 
Dimension A should be taken from the following table: 


A, ft. , 

3>2 

4 

5 

5H 

6 

6*2 

7 

7 H 

Total length of pole, ft.. 

16-18 

20-22 

25 

30 

i 

35-40 

45 

| 

55 


60 


SH 


70 


B 

nj 



| 



li 


9. Preservation of Poles.—Owing to the continually increasing 
scarcity of timber and the Jabor cost of replacing decayed poles, general 
practice is to impregnate poles with some substance which resists or 
retards decay. Southern pine poles generally are pressure-treated for 
their entire length. Common practice is to treat only the butt of poles 
of other woods, because, since these woods are naturally resistant to 
decay, practically all decay occurs within the portion ft. above or 
below the ground line. 

10. Methods of Butt-treating. (Naugle Pole & Tie Co.)—The 
specifications for each of the three methods of treating require: Poles 
shall be seasoned at least four seasoning I00 
months before the treatment (see Sec. M 
11). All fibrous inner bark and foreign 
substances must be thoroughly removed 
from that portion of the pole between 
the points 1% ft. above and 1}$ ft. 
below the ground line. In general, the 
methods of treatment are as follows: 

Treatment A provides for a continuous 
submersion in hot Carbolineum (a coal-tar derivative) for a minimum 
interval of 15 min. Treatment AA provides for a continuous submersion 
in hot Creosote for a minimum interval of 15 min. Treatment B pro¬ 
vides for a continuous submersion in hot Creosote for a minimum 
interval of 4 hr., to be followed by a continuous submersion in cold 
Creosote for a minimum interval of 2 hr. In each of these three treat- 


111 /] 11 M 1111 nr 

[ I 1/1 I 1 1 I I I I 1L1 

jBrri“rrrn - rrrri - r 
^ /-LU-LUJ-LL LAl 

_ i , 

frFT-T 

Z 4 6 t 10 ft 14 16 

Ytarft. 

Fig. 2 .—Life of treated and un¬ 
treated poles. 
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mcnts the poles are placed in upright tanks with the butts continuously 
submerged to a height of 1ft. above the ground line. 

Figure 2 shows, as would be expected, that the softer and more porous 
woods that suffer most rapid decay are most benefited, and have the 
longest life after treatment. Such woods can absorb the most oil. 
The cost of treatment varies with the amount of oil injected and with 
local conditions. 

11. Calendar months are rated in equivalent seasoning months as 
follows: 


Calendar month. 

Jan. 

Feb. 

Mar, 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Seasoning month 


>8 

H 

H 

u 

1 

1 

1 

1 

H 

^8 

w 



Poles which have been properly piled for seasoning must be seasoned 
for a total of 4 seasoning months, counting the seasoning 
months as given in the above table. For example, poles 
which are cut in January or February must be seasoned to 
the end of August before the time will have equaled 4 
“seasoning months.” 

12. Steel poles are made in three general types: (1) 

latticed, (2) expanded truss, and (3) tubular. The latticed 
type is made from structural-steel angles or channels joined 
and braced by latticed crossbars. The expanded truss is 
made from structural H sections, the web of which has been 
sheared by a rotary shear at fixed intervals so as to remove 
some of the metal. The pole is then heated to a cherry red 
and expanded by a special machine which grips the flanges 
and pulls them apart to the desired width (see Fig. 3). 
Latticed and expanded-truss steel poles arc used for 
medium-voltage transmission lines with spans 250 to 350 
ft. in length. Their life is 25 to 50 years or more, depend¬ 
ing on the adequacy of painting and upkeep. Tubular 
poles are built up from lengths of steel tubing, using a large- 
diameter tube for the base and successively smaller ones 
for the upper sections. They have been extensively used 
for street-railway and trolley-bus wiring in cities, where 
appearance is important. Their higher cost has prevented 
their use through open country. 

13. Fabricated steel towers are made from four main 
structural angles as uprights, cross braced with smaller 
structural angles. Steel towers are ordinarily used for 

high-voltage lines with spans over 350 ft. 


Fig. 3. - 
Bates ex¬ 
panded steel 
pole. 
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14. The design of reinforced concrete poles requires considerable skill. 
Where one who is unfamiliar with concrete-pole design must build them, 
he had best accept the proportions of poles that have been built and are 
giving good service. A very useful booklet, “ Concrete Poles/’ will be 
mailed free to any one interested by the Universal Portland Cement Co. 
of Pittsburgh. This book gives the dimensions of many concrete poles. 


The design of Fig. 4 is from the 
booklet. The pole is proportioned 
for a 150-ft. span to withstand a gale 
successfully, with the wind at a veloc¬ 
ity of 70 miles per hour and }4 in. 
of ice on the wires. The horizontal 
load thus imposed by the wind on all 
the 18 wires, tending to overturn the 
pole, is 2,100 lb. The sides of the 
reinforcing bsrs are 1 y± in. in from 
the faces of the pole. The concrete 
is a 1:2:4 mixture. It should be 
mixed wet, using carefully selected 
materials with the fine aggregate next 
to the forms. Air bubbles should be 
eliminated by careful tamping or 
churning. Corners of the pole 
should be chamfered off. The 
square reinforcing rods, which are of 
the mechanical-bond type, are bound 
together by a web system not shown 
in the illustration. The web system 
consists of a spiral of No. 12 steel 
wire wound outside the rods and 
securely bound to them. The rods 
are also secured together with hori¬ 
zontal ties 1 in. wide and in. thick, 
spaced 3 to 5 ft. apart. The rein¬ 
forcement thus forms an independent 



Fw. 4.—A .'JO-ft. rcinforced-con- 
ercte pole. (Universal Portland 
Cement Co.) 


skeleton which can be assembled and lowered into the forms. It is stated 
that it is most economical to cast poles exceeding 35 ft. in height in their 
final vertical positions. Shorter poles are erected with a derrick. Gains 
for crossarms and holes for bolts arc cast in poles. Metal pole steps may 
be cast in solid also. 

15. Reinforced-concrete poles (“Standard Handbook”) are the most 
permanent and usually the most expensive. The life of a properly 
designed concrete pole is practically unlimited. The facility with which 
special purposes may be served with reinforced concrete is also a great 
advantage. The exterior form may easily be modified to harmonise 
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with any desired scheme of decoration. When it is desired to lead wires 
from the pole top to ground, the poles may be made hollow, and thus at 
a slight additional cost the wires are completely hidden from view and 
protected from the weather. Concrete poles may fail, but they will not 
fall to the ground. The principal drawback to this form of construction 
has been the cost and the difficulty of manufacture. They are heavy 
and cumbersome to transport, so that, where possible, it is well to make 
them in the neighborhood where they are to be used. Both concrete 
and steel poles may be transported in small packages over mountains 
and erected on the spot, but in this respect steel is much superior to 
concrete. Concrete poles are classified according to the horizontal load 
which may be applied to the pole 2 ft. from the top: 


Class. 

A 

B 

C 

D 

E 

Horizontal load applied 2 ft. from top, lb. . . 

4,000 

3,000 

2,000 

1,500 

1,000 


16. Depth to Set Poles in the Ground.—One rule is that they should, 
on straight lines, be set in the ground of their lengths. The following 
table indicates good practice for normal soils. 


Pole length, 
over all, ft. 

Depth to set, in ground, ft. 

Straight lines 

Curves, corners, and 
points of extra strain 

30 

3.5 

6.0 

35 

6.0 

6.5 

40 

6.0 

6.5 

45 

6.5 

7.0 

50 

7.0 

7.5 

55 

7.0 

7.5 

60 

7.5 

8.0 

65 

8.0 

8.5 

70 

8.0 

8.5 

75 

8.5 

9.0 

80 

9.0 

9.5 


17. The size of pole tp use cannot be definitely specified without know¬ 
ing local conditions. Municipal ordinances sometimes regulate the 
heights of poles and wires. Where there are trees along the line, the 
wires should be carried entirely above them or through the lower branches, 
which interfere less than do the higher ones where the foliage is thicker. 
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(See Sec. 74A for required clearances of wires above the ground.) For 
lines on highways it is usually customary to place the lowest wire at least 
18 ft above the highway, and 21 ft. is better. Railway companies 
frequently specify 22 ft. between the top of the rail and the lowest cross- 
arm. Wires should be at least 15 ft. above sidewalks. The height 
of the pole will depend upon the number of crossarms to be carried. It is 
desirable to avoid abrupt changes in the level of wire. Hence, where the 
line runs up hill and down dale, the longer poles should be used in the 
valleys. 

Guy wires should, except where otherwise provided by ordinance, be 
at least 18 ft. above a highway and 12 ft. above a sidewalk. 

Also in cities it is good practice to use 35-ft. poles to carry either one or 
two crossarms; 40-ft. poles to carry three or four crossarms; and 45-ft. 



Note i If the Pull is less than 5, the Spare 
Adjacent to the Angle fble shall be Standard 
Length (i2Sj. If the "PulI ^’exceeds 5'. the Spans 
Adjacent to the Angle Fble shaft be Reduced to 
the Distance "Span" Given in Table\ 



mum 

3 

\VZE& 

mm 



1 
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Esa 
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K2H 

mm 
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■OH 

mm 
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TBSUi 
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■m 

wkm 

mm 

ESEMBEHEa 
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mom 

WEM 


H 

mm 

ra 


Fiu. 5.—Pole spacing and side guys on curves. (National Electric Light 

Association.) 


poles to carry over four crossarins. For suburban lines 30-ft. poles are 
often used. For very light lines carrying only three or four wires, 6-in. 
poles 25 ft. long are sometimes used, though so light a pole is inexpedient 
if the number of wires is likely to increase. The height of a pole is always 
considered as the total length over all. 

18. Poles should be spaced, in straight portions of a line, about 125 ft. 
apart. The usual maximum is 150 ft., and the minimum about 100 ft. 
In curves and at corners the spans should be about as indicated in Fig. 
5. For rural lines the span may be lengthened to 200 or 250 ft. Spans 
up to 400 or 500 ft. have been used for rural feeder lines employing 
aluminum cable steel-reinforced. 

19. Holes for poles should be large enough to admit the poles without 
any slicing or chopping and should be of the same diameter from top to 
bottom. The diameter of the hole should always be at least large 
enough so that a tamping bar can be worked on all sides between the 
pole and the sides of the hole. 
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20. Setting Poles. —On straight lines poles should be set perpen¬ 
dicularly. On curves, poles should slant slightly so that the tension of 
the wires will tend to straighten them. In filling a hole after the pole 
is in it, only one shoveler should be employed and as many more men as 
can conveniently work around the pole should tamp in the earth as the 



shoveler throws it in. Some of the surplus earth should be piled around 
the butt of the pole so the water will drain away. Figure 6 illustrates 
the method of setting a pole with pikes. 

21. Setting Poles with a Gin Pole. —A few men can set a large pole 
with a gin pole as suggested in Fig. 7. The gin pole can be a short wooden 
pole or, where the poles to be raised are not too heavy, a length of 



wrought-iron pipe. The gin need be only one-half as long as the pole 
to be raised. In setting a pole the gin is first raised to an almost vertical 
position with its top over the pole hole. It is held in that position by 
fastening the guy lines. Then the hook of the tackle blocks is engaged 
in a sling around the pole and the pole is raised, by men or by a team of 
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horses, by pulling on the free end of the tackle block line. When high 
enough so that its lower end can be slipped into it, the pole is dropped 
into the hole and adjusted to a vertical position with pikes, and the earth 
is tamped in. Sometimes gin poles are permanently mounted on wagons 
for transportation and are then called pole derricks. They are great 
savers of time and money. 


Method A 


<\i 

Setpole*- 
I ft deeper 
than normal § 
depth " 
Y_ 


Concrete used 
shall consist of 
/part cement 
2 parts sand 
3parts stone 




I-Concrete setting 


I-Sand barrel 


Sound 
portions 
of old poles. 



Crossarm bolt 
- TC 


One-half of 
thed/stance 

from bottom , „ * 

cable to ground P o/es /1 


Sound 

portions 

of old rj 



Crossarm bolt 
-r 

Approximately 
one half the distance 
from bottom cable 
to ground 


IH‘ Dead man brace under ground E/- Dead- man brace at ground surface 
Fig. 8.—Methods of setting poles in poor soils. (General Electric Co .) 


22. Setting Poles in Loose and Weak Soils.—On important lines it is 
customary to use a concrete setting for the pole (Fig. 8, I). A suitable 
mixture is 1 part cement, 3 parts sand, and 3 parts of broken stone or 
coarse gravel. 

For somewhat less important lines where the soil is fairly firm the sand 
barrel (Fig. 8, II) is a valuable expedient. This consists of a strong 
barrel or barrels placed at the bottom of the hole into which the pole is 
set. The barrel is filled with a firm substantial soil. By this means the 
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pole is given a larger bearing area. Sometimes a temporary sand barrel 
is used, consisting of a special iron cylinder that is placed around the pole, 
filled with firm dirt, and then hoisted away. 

In marshy ground another expedient for less important lines is to 
build a triangular brace from sound portions of old poles (Fig. 8, III and 
IV) bolted together. This provides a bearing area on or near the top of 
the soil which resists overturning of the pole. The method of Fig. 8, III, 
is preferable to the one in Fig. 8, IV, because the ground member will not 
rot so fast when it is completely underground. There is, however, some¬ 
what more labor involved in digging the trench for the ground member. 
These methods are not so permanent as a concrete foundation and are 



Method of Guying Fble. 

Fig. 9.—Method of setting pole on rock. 


recommended only where the expense of a concrete foundation does not 
seem warranted. 

23. When setting poles in rock the hole may be blasted, or a hole 
l}4 in. in diameter may be drilled in the rock (Fig. 9) in which is placed 
an iron pin that extends about 6 in. above the surface. A similar hole is 
drilled in the butt of the pole, and the pole mounted on the pin. It must 
then be braced by three or four wood struts spiked to the pole 6 ft. from 
the ground, running diagonally to the rock and formed thereto, or it 
may be braced by guy wires made fast to metal pins set in the rock. 

24. Wooden poles which have rotted at the butt can be reinforced 
with a short stub pole set in the ground next to the regular pole and 
extending a few feet above the ground line. Various methods of stubbing 
are shown in Fig. 10, with the required materials in Fig. 11. In all cases 
two bands should be employed with spacings as given below. In Fig. 10 
only the top band of the two is illustrated in several cases. Where a wire 
wrap is employed (Fig. 10, C) four wraps should be made around the 
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Machine bo^ 


Reinforcing 
pipe or casting < 



''Plain reinforcing 
/? band 


Sleeve nut 
Reinfbrcing 
band 


s /q Dowel y 



TYPE B 



Machine bolt 
' with washer 


-Metal 

alignment 

saddle 


Galvanized -J 
wire 


stubbing 

bolt 


Machine bolt 
Stubbir 



washers 


'Plain 

reinforcing 

band 


TYPE D 
Top band only 

^—Machine bolt . 
with ova! washer 


Ova! washer^ 
under head 
of bolt 



" ^ Stubbing 
washer 
or stubber 


TYPEC TYPEE 

Top band only 

Fia. 10.—Methods of reinforcing with stubs. (Hubbard cfc Co.) 



Plain 

[rein for cinq 
band 
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pole and six wraps around both the pole and stub for poles up to 40 ft. 
long. For poles longer than 40 ft. 10 wraps should be used around both 
pole and stub. In employing the method of Type C, Fig. 10, the follow¬ 
ing dimensions should be used: Dimension C should be not less than 
30 in. for poles up to 45 ft. long or 36 in. for poles from 45 to 50 ft. long; 
dimension A should be not less than 38 in. for poles up to 45 ft. long or 
44 in. for poles from 45 to 50 ft. long; dimension B should be not less 


t 2" Extra heavy pipe 
\"Hole 


O O 0 o 


o o 


Reinforcing 

pipe 


9 /f$ Holes Plain reinforcing band 
TYPE "A” MATERIAL 




9 //6 Holes on 2 1 centers 




Reinforcing 

casting 


\x4']fc sloi J'/,6 Holes 

-^-ii- 1 - 


4 

XHok 

°o o o o o c.zb 

- f—L - 

0 6 0 0 0 

V 

l 

Plain reinforcing bands 


Stubbing clip 



Oval washer Stubbing washer Alignment saddle 
TYPE MATERIAL 



Stubber 



Fig. 11.— Materials for reinforcing with stubs. (Hubbard & Co.) 

than 24 in. for poles up to 45 ft. long or 30 in. for poles from 45 to 50 
ft. long. Poles arc generally stubbed so that the stub is across the line. 
Methods 1) and E will not be satisfactory if the stub is located along 
the line. The other methods can be used for either across-the-lino 
or along-the-line stubbing. With method B the %-in. dowels are not 
required if the poles are stubbed across the line. 

25. Reinforcing Old Poles with Concrete and Steel. —Wooden poles 
usually become unsafe because of butt rot at the ground line. Such 
poles can be repaired without moving the wires they support by rein¬ 
forcing them with steel and concrete as shown in Fig. 12. For ordinary 





Div. 7] 


OUTSIDE DISTRIBUTION 


999 


poles and conditions, 10 mild-steel rods in. in diameter and 4 to 
6 ft. long are used for reinforcing. The lower end of each reinforcing 
rod is pointed and is driven into the portion of the butt that remains 
in the hole. The other end is bent at right angles, and pointed. It is 
driven into the pole above the ground line. A 1: 5 mixture of con¬ 
crete is used for the main body, and a richer mixture is used for the 
portion above grpund line and is molded in a cylindrical sheet-iron 



Fig. 12.—Reinforcing pole with concrete. Fig. 13.- Repairing 

metal pole. 


form. The concrete extends to about ft. above the ground line. 
Poles 15 to 20 years old have been satisfactorily repaired by this method 
without moving the wires supported. 

26. Repairing Steel Poles.—Metal poles sometimes corrode very 
rapidly at the ground, and often when discovered the corrosion is too 
far advanced to make any preventive measures effective. A very satis¬ 
factory method (Fig. 13) of repairing steel poles is to place a loose-fitting 
metal sleeve around the butt of the pole and fill the space between the 
two with Portland cement. 



Fig. 14.—Double-aim bolts. {Lint Material Co.) 


27. Crossarm bolts arc used for fastening crossarms to the poles. 
These bolts are standard %-in. galvanized machine bolts. See machine- 
bolt data in Div. 4 for dimensions. A square washer is used under both 
head and nut as shown in Figs. 47, 60, and 70, I. 

28. Double-arming bolts (Fig. 14) give a more rigid construction and 
greater economy than the old block-spacer method of tying two cross- 
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arms together. The double-arming bolts are furnished with a long rolled 
thread, galvanized and fitted with four square nuts. A square washer 
is used under each nut as shown in Figs. 48, 68, III, and 70, II. 



• Refer to Fig. 14. 


29. Eyebolts (Fig. 15) arc furnished with forged oval eye, rolled 



Fig. 15.—Standard eye bolt. 
(.Line Material Co.) 


threads, and square nut, galvanized. 
Eyebolts are used for fastening guys, 
dead-ending insulators, and suspension 
insulators to crossarms, as shown in 
Figs. 41, I; 87; and 88. A square 
washer is used under nut and eye. 



* This size opening in oval eye is furnished as standard but can be furnished with 
National Electric Light Association standard % X 1 in. opening if specified. 
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30. Double-arming eyebolts (Fig. 16) are furnished with forged 
oval eye and 3 square 
nuts, galvanized. 

Opening of eye is 
1 X 2 in. They are 
used for the same pur¬ 
poses as eyebolts in Fig . 16.—Double-arming eye bolt. {Line 

double-arm construe- Material Co.) 

tion (see Figs. 41, IV; 48; and 86). Thimble-eye, double-arming bolts 
are also available which eliminate the use of a separate thimble in attach¬ 
ing guy wires to the eye of the bolt. 




31. Eye nuts (Fig. 17) are used on through bolts, eyebolts, double¬ 
arming bolts, straight and angle thimble-eye bolts, crossarm bolts, 
anchor rods, and for other attachments where it is desired to convert a 


I-6uyeye I-Twin eye Hi-Three guyeye IV-Thimbleye V-Standard eye 

Fig. 17.—Eye nuts. {Hubbard & Co.) 

standard threaded bolt to a thimble-eye bolt. They are commonly used 
for dead-ending a messenger wire or span guy on the threaded end 
of an angle thimble-eye bolt on the opposite end of which is a down 
guy. 

There are two types of eye nuts: (1) the standard eye (Fig. 17, V), 
which requires the use of a thimble, and (2) the thimble-eye, which has a 
thimble forged in it. The thimble-eye type is also made in a twin style 
(Fig. 17, II) to take two guy strands, and in a three-guy-eye style (Fig. 
17, III) to take three guy strands. The guy eye (Fig. 17, I) serves the 
same purpose as the thimble-eye, merely being forged in a slightly 
different manner. Refer to Fig. 70, II for application. 
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82. Common or buttonhead carriage bolts are used for attaching cross- 
arm braces to crossarms. They are provided with a square shoulder 
under the head. A round washer is used under the head, as shown in 
Figs. 47 and 60. 



Fig. 18.—Carriage bolt. 


Diam., 

in. 

Length, 

in. 

Length of 
thread, 
in. 

Appiox. 
shipping 
weight, 
lb. per 
100 pieces 

Diam., 

in. 

Length, 

in. 

Length of 
thread, 
in. 

Approx, 
shipping 
weight, 
lb. per 
100 pieces 

, 

3 

m 

14 5 

1 

3 

2 1 2 

26.7 

1 

SH 

m 

16.5 

1 


3 

29.2 

\ 

4 

Wx 

18.3 

1 

4 

3 

33 3 

H < 

4K 

IK 


1 

4K 

3 

30.7 

] 

5 

1*4 

21.1 

1 

1 5 

» 

38.0 

( 

5H 

Wx 

22.5 

J 

1 5K 

1 * 

41.2 


6 

IK 

23.3 

H < 

6 

3 

44.0 





] 

1 7 

3 

50.0 





j 

8 

4 

59.0 





/ 

10 

4 

72.0 





( 

12 

6 

85.0 





l 

14 

0 

[ 99.0 





' 

10 

6 

105.0 


88. Lag screws are made in both the fetter-drive and gimlet-point 
types. The }£- and *Ke-in. screws are generally of the gimlet-point 
type, while all screws of larger diameter are generally of the fetter-drive 
type. Lag screws are used for attaching crossarm braces to poles, as 
shown in Figs. 47, 50, and 60. 


< mmm g 

Fetter drive type 


\umuumtv 



Gimlet point type 
Fig. 19.—Lag screws. 
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Approx. 
Length of shipping 
thread, in., weight, 
and type lb. per 
100 pieces 


Approx. 
Length of shipping 
thread, in., weight, 
and type lb. per 
100 pieces 


Diam., Length, 
in. in. 


Diam., Length 
in. in. 



34. Lag-screw eyes (Fig. 20) arc galvanized and furnished with gimlet- 
point, lag-screw thread. The forged eye has a l)4r by 13^-in. opening. 

36. Washers used in overhead line con¬ 
struction arc made of galvanized iron in hot h 
round and square types. Square washers 
arc used under the heads and nuts of all 
crossarm bolts. Round washers are used 

under the heads of carriage bolts which Fiu ’ s eye 

. . . {Line Material Co.) 

fasten crossarm braces to crossarms. 




I' Round washer I-Square washer 

Fio. 21.—Washers. 
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86. Wooden crossarms are generally made of Douglas fir, which, 
according to tests made by the U. S. Forestry Service, is best suited for 
the purpose. Longleaf yellow pine and Norway pine also are used for 
crossarms. Crossarm dimensions have not actually been standardized 
throughout the country. The dimensions of those carried as standard by 

one manufacturer are given in Sec. 87. 
Great care should be exercised in order¬ 
ing crossarms to give full specifica¬ 
tions. It is generally best to furnish a 
sketch (Fig. 22) with accompanying 


£■*1 S—*\ \+E 

r . , - - ^ . . . . i± p 

W—Brace — 


Fig. 22.- 


-Sketch for boring of 
crossarm. 


¥ 

dimensions for the required boring. 


Figure 23 shows the dimensions of crossarms recommended by the 
National Electric Light Association. These arms have a spacing 
between center pins of 30 in., which is believed to provide a safe climbing 
space. Arms of the N.E.L.A. cross-sectional dimensions (Fig. 23) have 
not come into extensive use. It is modern practice not to paint cross- 
arms as soon as they are made. They are either treated with a wood 
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Fig. 23.—Croesarm dimensions recommended by the National Electric 
Light Association. 


preservative or are permitted to season naturally for at least 3 months 
and are then painted with two coats of green white-lead paint before 
erection. Crossarms of Southern pine generally are pressure-treated 
against decay. It is not general practice to treat crossarms of other 
woods. No crossarm having a spacing of less than 20 in. between center 
pins or 12 in. between side pins should be used. The six-pin arm (Fig. 
23) is recommended for general use. 
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37. Standard Wooden Crossarxns 

(General Electric Supply Co.) 


Pin holes 

Center 

bolt 

hole, in. 

Brace 
length, in. 

Size and length 

Spacings, in. 

Size, in. 

Center 

Sides 

Ends 

Electric Light Arms 

m X 44 

28 

• • • • 

4 


% 

25 

3 ft. 2 pin 

16 

12 

4 


X 

28 

4 ft. 4 pin 

18 

17 

4 

muttm 

4 

28 

5 ft. 4 pin 

22 

21 

4 


X 

32 

6 ft. 4 pin 

16 

12 

4 


% 

32 

6 ft. 6 pin 

18 

17'A 

4 


X 

32 

8 ft. 6 pin 

16 

12 

4 

BuTrH 

X 

32 

8 ft. 8 pin 

16 

9H 

4 


X 

32 

84 ft. 10 pin 

17M 

15H 

4 

Bu?fl 

H 

42 

10 ft. 8 pin 

16 

12 

4 

ttifi 

X 

42 

10 ft. 10 pin 

16 

m 

34 


4 

42 

10 ft. 12 pin 



R.8.A. 

Arms 



3 X4H 

20 

22 

4 



■ 

mm mi i — 

19 

17K 

4 



■ 


19 

is y 2 

4 




10 ft. 8 pin 

16 

12 H 

24 

Kl 


■Hi 

10 ft. 10 pin 

Western Union Arms 

3 X 4H 

20 

1^2 

3 


■Egm 

hbb^b 

6 ft. 6 pin 

21 

114 

3 




8 ft. 8 pin 

22 

im 

3 



■ 

10 ft. 10 pin 


2 H X 3 H 

17 


34 


« 


24 in. 2 pin 

23 


34 


X 


30 in. 2 pin 

29 


3 H 


H 

25 

36 in. 2 pin 

16 

w 

3 *'2 


H 

28 

42 in. 4 pin 

16 

m 

34 

■ 

X 

28 

62 in. 6 pin 

16 

m 

3 H 


X 

28 

82 in. 8 pin 

16 

9 H 

4 


% 

28 

102 in. 10 pin 

16 

0 S 8 

34 

K^tK 

X 

28 

120 in. 12 pin 

N.E.L.A. Arms | 

34 X44 

30 


4 

l l 4 2 

ll <6 

28 

3 ft. 2 in. 2 pin 

30 

14H 

4 

1% 


38 

5 ft. 7 in. 4 pin 

30 

14H 

4 

1 *1^2 


38 

8 ft. 6 pin 

30 

12 

4 

1 % 


38 

9 ft. 2 in. 8 pin 

N.E.L.A. (Light) Arms | 

34 X 44 

30 


4 

1% 

l He 

28 

3 ft. 2 in. 2 pin 

30 

144 

4 

1% 


38 

5 ft. 7 in. 4 pin 

30 

14 4 

4 

l 1 ^2 


38 

8 ft. 6 pin 

30 

12 

4 

1% 

H (6 

38 

9 ft. 2 in. 8 pin 

New England Arms i 

34 X 44 

30 


3 

1% 

HU 

33 

3 ft. 2 pin 

30 

13*.i 

44 

1% 

'Me 

36 

5 ft. 6 in. 4 pin 

30 

13*2 

44 

m$ 2 

'Me 

36 

7 ft. 9 in. 6 pin 

30 

134 

4 4 

1*4 2 

'Me 

36 

10 ft. 8 pin 

New England Power Arms j 

3X X 4Ji 

■KTiH 

mmggm 

3 

BKB7B 

HU 

33 

3 ft. 2 pin 



44 

1% 

;h« 

36 

5 ft. 6 in. 4 pin 


■rtrB 

44 

1 X 4.2 

1 H« 

36 

7 ft. 9 in. 6 pin 

■■ 

■Baal 

44 

i 17 A2 

*Me 

36 

10 ft. 8 pin 

Pacific Arms | 

3H X4H 

28 


4 

i 17 A2 

4 

32 

BiDBBF ttbb 

28 

12 

4 

l l 4* 


32 


28 

12 

4 

1^2 

4 

32 


28 

12 

4 

11^2 

4 

42 


28 

12 

4 

1 l H?, 

, K. 

42 

P||^ Hri 
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38. Galvanized-steel crossarms are made from standard steel angles 
in three types, as given in Sec. 39. They cost somewhat more than 
wooden crossarms but are more durable and will carry heavier loads. 
They are used for installations subjected to heavy strains and for higher 
voltage lines. 


39. Types of Galvanized-steel Crossarms 

(Hubbard & Co.) 


Number 
of pins 

Length, 

in. 

Brace 

style 

Pin spacing, in. 

Size of angle, in. 

Approxi¬ 
mate ship¬ 
ping weight, 
lbB. per 
100 pieces 

Pole 

pins 

Side 

pins 

Telephone Arms—Pinholes, 'H<i In., Pole-mounting Hole, 'He 

In. 

2 

20 

Flat 

1G 


3 X 2 X He 

575 

4 

40 

Flat 

1G 

10 

3 X 2 X He 

1,125 

f» 

GO 

Flat 

10 

10 

3 X 3 X >4 

2,700 

8 

80 

Flat 

10 

10 

3 X 3 X H 

3,000 

10 

100 

Flat 

10 

10 

1 

3 X 3 X H 

4,510 


Electric Light Arms—Pinholes, 'He In., Pole-mounting Hole, 'He In. 


2 

36 

Flat 

30 


3 X 3 X H i 

1,625 

4 

G5 

Flat 

30 

14 H 

3 X 3 X Va 

2,915 

6 

94 

Angle 

30 

14 W 

3H X 3M X H e 1 

6,215 

8 

H7H 

Angle 

30 

13*$ 

m x an x 

7,770 

Power-transmission Aims—Pinholes, 'He In.. Pole-mounting Hole, 1 

l He In. 

2 

28 

Flat 

24 


3 X 3 X H 

1,290 

2 

40 

Flat 

36 


3 X 3 X H 

1,840 

2 

52 

Flat 

48 


3 X 3 X H 

2,410 

4 

76 

Angle 

24 

24 

3 X 3 X M 

3,490 

2 

80 

Angle 

74 


3H X 3H X He 

5,280 

4 

116 

Angle 

38 

36 

3M X 3H X He 

7,645 


40. Crossarm braces are made from galvanized flat strap iron (Fig. 
24,1), ribbed strap iron (Fig. 24, II), or angle iron (Fig. 24, III). Braces 
are attached to the back of each crossarm by a carriage bolt with the 
head of the bolt at the front with a round washer under it (Figs. 47 and 
60). The braces are secured to the pole with a through bolt or a lag 
screw. The flat type is used for ordinary loads. It is made in lengths 
varying in 2-in. increments from 20 to 32 in., the 28-in. length being the 
most common. The ribbed type, being about 25 per cent stronger, is 
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H> Ribbed type 



HI- Angle iron type 

Fi<j. 24.—Stamhml etossann braces. (Hubbard tfr Co.) 



I- Back brace for alley arm 

9 /t£Holes 



CT- Back brace for standard arm 

Ftq. 25. —Special types of crossarm braces. (Hubbard <fe Co.) 
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used for heavier loads. The angle-iron type is used for very heavy lines. 
The standard sizes are given in Table 41, the first four being the Edison 
Electric Institute standard for power-company use. The alley-arm 
brace (Fig. 25, II) is used to support alley-type crossarms (see Sec. 62). 
The vertical brace (Fig. 25, III) supports the upper crossarms from the 
lowest crossarm in alley-arm construction (Fig. 49). The back brace 
(Fig. 25, IV) is fastened at the back of the crossarm and on the back of 
the pole. It is used as an alternative to double-arm construction at 
crossings and at abrupt turns in the line. A back brace for alley arms is 
shown in Fig. 25, I. 


41. Angle Cross-arm Braces 4 

(Hubbard & Co.) 


Dimensions, in. 

Approx, shipping weight, 
11 ). per 100 pieces 

Angle size 

A 

B 

C 

x i k x 

45 

42 

12 

858 

IK X IK x 3 i« 

51 

48 

18 

1,067 

IK X IK X Ke 

63 

60 

18 

1,210 

IK x IK x Kg 

75 

72 

22 

1 ,716 

IK x IK x K6 

51 

48 

14 

974 

IK x IK X Kg 

40 

37 

12 

781 

IK x IK x Ke 

51 

48 

14K 

979 

IK x IK x Kg 

63 

60 

18 

1,408 

IK x IK X Kg 

69 

66 

20 

1,551 

IK X IK x Kg 

75 

72 

18 

1,639 

2 X 2 X Kg 

75 

72 

22 

1,958 


‘ Refer to Fig. 24, III. 


42. Crossarm Back Braces (Fig. 25, IV) 


Angle size, in. 

Length 
over all, 
in. 

Approx, 
shipping 
weight, 
lb. per 
100 pieces 

Angle size, in. 

Length 
over all, 
in. 

Approx, 
shipping 
weight, 
lb. per 
100 pieces 

IK X IK X Kg 

48 

550 

1«X1«X K« 

94 

1,540 

IK X IK X Kg 

60 

825 

IK X IK X Kt 

109 

2,204 

IK X IK X Kg 

72 

1,200 





43. Insulators are used for insulating the electrical conducting wires 
and guy wires from the pole structure. The different types may be 
classified as pin, suspension, spool, strain, and wireholder insulators. 
Either pin-type (Fig. 26) or suspension-type insulators (Fig. 30) are used 
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for supporting the wires of the main electrical circuits. Spool insulators 
(Fig. 32) are used principally in the assembly of insulator racks (Fig. 33) 
for supporting low-voltage distribution mains from the sides of poles or 
buildings. Combined with a clevis, they are sometimes used for dead¬ 
ending low-voltage main electrical circuits. Strain insulators are used 
principally for insulating guy wires from the pole structure so that con¬ 
tact with the lower portion of the guy will not be dangerous. One type of 
porcelain strain insulator is frequently used for dead-ending low-voltage 
main electrical circuits or distribution wires. Wire-holder-type insula¬ 
tors are used in various assemblies for supporting service wires on 




E-High voltage 

Fig. 26. —Typical pin-typo insulators. (Lock Insulator Co.) 


buildings and for supporting, on the pole structure, taps for street¬ 
lighting luminaires (Fig. 148). Insulators are made of either glass or 
porcelain, the choice for any particular size and voltage being determined 
by weighing the electrical and mechanical characteristics against first 
cost. Glass has been most commonly used for pin insulators (Fig. 26,1) 
for voltages up to 5,000 volts. Porcelain has been most commonly used 
for pin insulators for higher voltages and for the other types of insulators. 

44. Pin-type insulators are molded with a central threaded hole so 
that the insulator is supported from threaded insulator pins mounted on 
the crossarms. These insulators are made in various shapes and with 
varying contours to meet the insulating requirements for different 
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voltage classifications. For low-voltage work the insulators are gen¬ 
erally grooved on the side for support of the wires. Medium-voltage 
insulators frequently have wire grooves on both top and sides and the 
higher voltage ones are made with only top grooves. Typical pin-type 
insulators are shown in Fig. 26. 

45. Insulator Pins.—Pin insulators of the type shown in Fig. 26 are 
fastened on crossarms with insulator pins which thread into the cast 




# 


I-Steel 
clamp pin 



sfeel pin 


ran . 7 " r 
in I 

Section Soft. 

A-A view 


-4" 


~ a 


4 Th'ds. Top 
per in. VI CW 


IV-Wood pin 

( N. E. L. A. Recommendation! 



V- Lead adapter 


Fig. 27.—Insulator pins. {Line Material Co.) 


thread inside the insulator. Insulator pins may be wood, steel, steel 
and lead, or steel and wood (Fig. 27). The wood pins (Fig. 27, IV) are 
made from oak or locust, the locust being preferred as less apt to crack. 
Wocwd pins are used on communication circuits and low-voltage dis¬ 
tribution circuits on account of their low cost. Steel pins (Fig. 27, I 
and II) are used on the higher voltage, longer span lines where the side 
loads on the pin are greater. Combination wood-cob-with-steel-bolt 
pins (Fig. 27, III) provide stronger construction than the plain wood at 
lower cost than all-steel pins. Lead adapters (Fig. 27, V) may be used 
with 1-in. steel pins to fit 1%-in. insulator threads. 
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46. Wooden Insulator Pins. —All standard insulator pins of 1- and 
1%-in. top diameter have four threads to the inch and a tapering, diam¬ 
eter of Ke-in. increase for each inch in length. 


dl 




Detail of , 
Thrwd. 


% . »Q 

Bolt 
View. 


Side Elevation. 

Fig. 28.—Wooden insulator pin. 


Dimensions, in. 


Shipping weight 


A 

B 

c 

D 

E 

F 

G 

H 

per 1,000, lb. 

1 

2 h 

2 « 

4H 

4 K 

\ 

1*4 

IK 

1*16 

400 

1 

2h 

4*4 

7H 

4H 

1 2 

1*2 

l*i« 

510 

1 

2H 1 


7 H 

4H 

2H 

1*4 

1**16 

700 

l 

2K 

4 

6*2 

5 

2*2 

2 ! 

1**16 

930 

1*8 

: 

2*4 J 

2*4 

4*4 

1*4 

IK 

i X 

1*16 

400 

1*8 

2K ! 


7*4 

1*4 

2 

IK 

1K6 

510 

lK 

2Ji i 

5 

714 

4H 

2*4 

1*4 

1**16 

700 

1*8 

2\i 

4« 4 

6*2" 

5 

2H 

2 

1**16 

930 

1*8 

2 H 

7U 

OH 

1 

5 

3 

2 

l**fe 

1,160 

1*8 

2 *'4 

8*4 I 

11 

3 

3*2 

2 

1**16 

1,280 

1*8 

2*4 

9*4 

12 

3 

3*2 

2 

1**16 

1,360 



Section. 


47. Wood pins are held in crossarms with a sixpenny nail as shown 
in Fig. 29. The nail should not be driven entirely in. Enough of its 
length should extend so that the cutting jaws of a pair of pliers can 
be forced under the head and the nail 
thereby withdrawn. If this suggestion 
is followed and it is necessary to remove 
a pin, it can be readily accomplished. 

48. Steel pins are either clamped over 
the crossarm as in Fig. 27, II, or the rod 
projects through a hole in the crossarm 
and is held in place with a washer, 
square-head nut, and pal nut (Fig. 27,1). 

The clamp type does not weaken the crossarm by the drilling of the holes 
but is more expensive. 

49. Suspension insulators are used to support wires from under cross- 
arms. They are used on high-voltage lines where pin insulators would 
become large, expensive, and unwieldy and are sometimes used on lower 
\ oltage lines also. They are made in a number of different styles varying 


...._ Elevation. 


Fig. 29.- 


-Fastening 

crossarm. 


pin m 
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in hardware and petticoat diameters. There are three general types of 
hardware; hook and clevis, ball and socket, and the tongue and clevis 
as illustrated in Fig. 30. The hook type (Fig. 30, I) is used principally 



Fio. 30.--Suspension insulators. (Locke Insulator Vorp.) 

to support street-lighting units. Whether to use a ball-and-socket type 
(Fig. 30, II) or the tongue-and-clevis type (Fig. 30, III) on power circuits 



assembly wood cross-arm 

Fig. 31.—Details of suspension insulator supports. 


is mostly a matter of individual choice. With the tongue-and-clevis 
type a round pin is used to hold the tongue of one unit in the clevis of the 
other. A cotter pin slips through a hole in the end of the round pin to 









Div. 7] 


OUTSIDE DISTRIBUTION 


1013 


keep the pin from slipping out. With the ball-and-socket type the 
round pin is eliminated. The insulators are assembled by sliding the 
ball of one insulator into the socket of the next one from the side. A 
cotter pin is slipped in from the back of the socket, taking up sufficient 
space in the socket so that the ball cannot slide out. The socket clevis 

(Fig. 30, IV) is used where it is desired 
to support other hardware from the 
bottom of the insulator. 

Suspension insulators are made up in 
strings as shown in Fig. 31. A clevis is 
used to support them from steel cross- 
arms as shown in I. With wood cross- 


Steel 
channel . 





W/rehoIder type insulators 



Spool type insulator 

Fig. 32.—Typical spool- and wire- 
holder-type insulators. {General 
Electric Supply Corp.) 



Rod 


Insulator 


'Self-locking 
cotter pin 


Fig. 33.—Low-voltage secondary 
rack. {Line Material Co.) 


arms a hook bolt through the crossarm may be used as in II or a 
clevis bolt as shown in III. The insulators are supported from each 
other with no additional hardware except the pins. The wire is sup¬ 
ported from the bottom insulator with a wire clamp which is made in 
various types depending on the size of the wire. The voltage rating of a 
complete assembly is determined by the manufacturer from flashover 
tests. The diameter and shape of the petticoat and the number of units 
in the string affect the voltage rating. Small-diameter petticoats are 
preferred for locations where the insulators are subject to malicious 
damage from stones or bullets. The larger diameter units are ordinarily 
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used on the longer strings on high-voltage lines, where the wires are at 
a greater height from the ground. 

50. Spool- and wireholder-type insulators are used in single-wire or 
rack assemblies for supporting low-voltage circuits on the sides of poles 



Fig. 34.—Typical single-wire insulator assemblies. {General Electric Supply 

('orp.) 


and buildings and for dead-ending service wires on buildings, poles, and 
crossarms. In the rack assemblies (Fig. 33) the insulators are removable 
from the rack for easy replacement in case of breakage. The racks are 
made in two-, three-, and four-wire assemblies. Typical spool and wire- 


holder insulator assemblies are shown 




in Figs. 32 to 35. 

51. Strain insulators are used in 
guys and are also used in line wires at 
dead-ending points. Composition, 


(b)-Comer iron for mounting porcelain, and wooden strain insulators 
on corner of buildinq are ma( j e Wooden strain insulators 



(Fig. 36) are popular with some com¬ 
panies and afford excellent insulation 
but have the objection that, if one 
burns, the wire that it supports falls. 
Composition and porcelain strain 
insulators can be made so that even if 


fa)-Assembly for (c)-Insulator the insulating material fails, the sup- 
flat mounting unit ported wires will not fall. Figures 37 

Fig. 35.— Typical wireholder and 38 show types meeting these re- 

Su k piy C™ bI r (GeneT<d EleCtTiC q uireraents - The strain insulator of 

Fig. 37 is cheap and satisfactory and 


has lately become very popular in electric-lighting-line construction. 

52. Emergency strain insulators can be made by knocking the end out 
of common glass line-wire insulators as illustrated in Fig. 39. To break 
out the end, hold the insulator in one hand and strike the inside of the 
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Mf//wWr/zw. 

f T^V 


Construction Details 



Two Eyes 


dolts 



Eye and Clevis Clevis and Tap Two Clevises* 

Tki if* —-Wooden strain msulatois. 


Hole for Wire 



Grooves 

forWue 


Hole for Wire 



Details 


Insulator 


Insulator Installed 

Fig. 37 - A stiam porcelain insulatoi 



(Two Eyes) (Eye and Clevis) 


Construction Details Complete Insulator. 

Fig. 38 —Composition strain insulators. 
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top a sharp blow with the handle of a pair of pliers or of a pair of connec¬ 
tors or with a screw driver held in the other hand. Where one emergency 
insulator will not give sufficient insulation, two or more can be used in 
series. Emergency strain insulators thus made are not strong enough for 
heavy guy wires but are more suitable for insertion in line wires. 



Fig. 39.—Emergency strain insulators. 

63. Clevises are used in making up assemblies connecting insulators, 
straps, strands, etc., together. Figure 40 illustrates some types of 
clevises. The forged clevises (Fig. 40, I) and bent strap clevises (Fig. 
40, II) are used to connect dead-end insulators to crossarms (Fig. 41, 
I and II). The eye clevis (Fig. 40, III) will connect a dead-end insulator 
to another piece of hardware having a pin connection. The thimble 
clevis (Fig. 40, IV) will connect a stranded cable to an insulator assembly 
(Fig. 41, III). The strain-insulator clevis (Fig. 40, V) is used to connect 
a strain insulator of the type in Fig. 37 to an eyebolt or eye nut (Fig. 
41 > IV) * 

64. Guy anchor rods are used between the anchor in the ground and the 
guy strand. Figure 42,1, illustrates a roller type which allows the strand 
to turn on the rod and prevents twisting of the guy strand. Figure 42, 
II, is used to attach to a log anchor. Figure 42, III, is used when anchor¬ 
ing to solid rock or masonry. Guy anchor rods are made in 

and 1-in. diameters. 

66. In connecting a guy strand to the pole, the strand may be wrapped 
around the pole or may be connected to a special bolt. In wrapping the 
strand around the pole, guy hooks (Fig. 43, I) are used to prevent the 
strand from slipping down the pole, and guy plates (Fig. 44, II) or shims 
(Fig. 44, I) are placed under the guy strand to prevent its cutting into 
the pole. The molding strain plate of Fig. 44, III, is used under the 
guy-wire wrap on poles where a ground wire runs down the pole. The 
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plate will fit over N.E.L.A. standard 1-in. ground-wire molding and pre¬ 
vent the guy strand from cutting or crushing the ground-wire molding. 

An alternative to this method is to connect the guy to a thimble-eye 
bolt. The straight thimble-eye type (Fig. 43, II) is used when guying 



Dimensions in inches 

Approximate 
shipping 
weight 
lbs .lOOpcs 

A 

B 

C 

D 

*/ 2 

2 

”/, 6 

5 /8 

66 

9 /.6 

3 

P/8 

3 /4 

146 

9 /l6 

4 

l J / 8 

% 

160 

h 

3 

\ 


85 



H-Bent strap devise 
( Line Material Co.) 



(Corning Glass Co.) 



E-Thimble devise 
(Ohio Brass Co.) 

Fig. 40.—Clevises. 


Y-Strain Insulator Clevise 
(Hubbard ft Co.) 


between a main pole and a stub pole. The angle thimblc-eye type 
(Fig. 43, III) is used when guying into the ground. A J-bolt (Fig. 43, IV) 
may also be used for attaching a guy wire to a pole, but this requires the 
use of a thimble (Fig. 43, V) in addition to the bolt. A stubbing washer 
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should be used under the nut of the thimble-eye or J bolt. Under the 
eye of the bolt a stubbing washer (Fig. 44, V) is used for a 90-deg. guy and 
a guy plate of the type shown in Fig. 44, IV for an angle guy. Guying 
construction is discussed in Sec. 93. 

66. When connecting a guy strand to a bolt or rod of small diameter, 
the strand should be wrapped around a thimble (Fig. 43, V) to prevent its 
being cut or broken from too sharp a bend. 



I- Guy plate V- Curved guying washer 

or stubbing washer 

Fig. 44. Guy plates and shims. {Locke Insulator Corp. and Hubbard 

& Co.) 

67. Guy clamps (Fig. 45) are used for securing the ends of guy-wire 
strands. They are made in two-, three-, and four-bolt types. 


Type Length, In. 

Two bolt, light. 3 

Two bolt, heavy. 4 

Three bolt, heavy. 4 

Three bolt, heavy. C 

Three bolt, heavy. 6 

Four bolt, heavy. 8 



Fig. 45.—Guy clamp. (Joslyn Manufacturing Co .) 

68. Guy protector guards are installed over guy rods, at locations where 
the guy might be damaged by traffic, to conceal the connection of the guy 
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strand to the eye of the guy rod, to make the guy more visible, and to 
minimize accidents. They may be made of a wood strip or of steel. One 
type of guard (Fig. 46) consists of a steel plate rolled into cylindrical form, 
leaving a split on one side. Special clamps are fastened to the strand, 
and the guard is slipped over the strand and held by the clamps. The 



Fig. 46. —Guy protector guard. {Line Material Co.) 

split is turned down toward the ground so that it is not ordinarily 
noticeable. 

69. For guy wire, seven-strand, galvanized-steel cable is used. The 
National Electrical Safety Code recommends that for Grades A and B 
construction the maximum load in the guy should not exceed 50 per cent 
of the ultimate strength; for Grade C construction 75 per cent is allow¬ 
able. The following table gives the strand sizes, weights, and ultimate 
strength of guy wire. 
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Diam., in. 

Approx, 
weight, lb. 
per 1,000 ft. 

Approx, 
strength, lb. 

Diam., in. 

Approx, 
weight, lb. 
per 1,000 ft. 

Approx. 
8tiength, lb. 

% 

1,200 

16,700 


273 

4,250 

H 

813 

11,600 

?1 6 

205 

3,200 

Me 

071 

9,600 

9-32 

164 

2,570 

K 

517 

7,400 

H 

121 

1,900 

Me 

399 

5,700 





POLE-LINE CONSTRUCTION 


60* A single crossarm assembly for a two-wire, single-phase circuit is 
shown in Fig. 47. Additional insulators for three- or four-wire lines may 
be added to the arm 14J^ in. 
closer to the pole from the 
insulators shown. This type 
of arm is used for normal 
spans and loads where there 
is a straight line with no 
obstructions. 

61. Double arms are used „ ,, 

. ,, Fiq. 47.—Single crossarm assembly, 

wherever the stress on the 

arms is unusually severe or where every precaution is necessary to ensure 
safety. Double arms are often used on the poles at each side of a street 
intersection, at each side of railroad crossings, and at comers or other 



T-" f 
4'/^Carriage bolt 
with round washer . . 

under the head ^ |J|| "^9 screw 


Cross arm bolt 

and sq. washer Insulator 
^ ‘ ^--^J^'Insulator 


pm 


"Cross arm brace 


Cross Arm Bdt 



Fig. 48. — Method of arranging double arms. 


O 


o 


points where the direction of a line changes. Figures 48, 51, 52, 70, 86, 
87, 89 and 90 show examples of double-armed poles. The two crossarms 
can be separated by wooden spacing blocks (Fig. 51), by spacing bolts or 
double-arming bolts (Fig. 48A), or by spacing nipples (Fig. 48 B). 
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The spacing blocks can be sawed from a crossarm. An 1 Y\ 6-in. hole 
bored through the block and crossarm accommodates a %-in. bolt. A 
washer is used under bolthead and nut. Spacing bolts or double-arming 
bolts can be used instead of spacing blocks (Fig. 48 A); the bolts are 
threaded for most of their length. A galvanized-iron pipe nipple can also 
(Fig. 48B) be used to separate the crossarms. A %-in. spacing bolt 
probably provides the preferable and most economical method; spacing 
blocks rot readily, and the bolts through them corrode rapidly. Where 
an arm guy is to be attached to the crossarm, a double-arming eyebolt 



can be used as shown. Single-armed 
polos are now often used, particularly on 
junction poles, as shown in the accom- 



Fiu. 41).— A side-arm pole. 


panying illustrations, in locations where 
double arms were formerly thought 
necessary. The single arms are prefer¬ 
able in that they allow greater climbing 
space for linemen. 

62. Alley arms (Figs. 49 and 50) are 
used in alleys and other locations where 
it is necessary to clear obstructions by 
offsetting the crossarm toward one side 



Fig. 50.- -Bracing for alley arms. 
(Hubbard Co.) 


of the pole. The crossarms will be special arms, but standard material 
can generally be used for the rest of the construction. Types of standard 
braces for side-arm construction are discussed in Sec. 40. Side guys or 
crib braces (see Fig. 49) are used where the line wires are heavy, to 
counteract the tendency of the pole to tip. 

68. Reverse or buck arms are used at comers (see Figs. 51, 52, 86, and 
87). In placing buck arms, ample room must be provided through which 
a lineman can reach the top of the pole. A 20-in. square space is the 
minimum. Crossarm braces on buck-arm poles should be attached to 






1 

1 

|«. (around Lint 

t 

Square...! 


One Gain 

ifc-Ato/ .." 




[ ''Sighting Line 

Cross 



i 

i 

Arm 




Fig. 53-III. —Locating gain with steel square and crossarm. 


brace (carriage) bolts must be specially bored, at the above spacing, in 
buck arms. The 23-in. spacing is correct for 28-in. braces. 
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64. A gain is a flat bearing surface on the pole at the point of attach¬ 
ment of the crossarm so that the crossarm will be rigid. The gain is 
usually formed by cutting a notch in the side of the pole, as shown in 
Fig. 53. The gaining template of Fig. 54 is convenient in laying out the 
gains. The gain should be exactly the width of the crossarm, ensuring a 
snug fit. In good work, gains should always be spaced on 24-in. centers 
and should be 3^ in. deep. Nothing is accomplished by making them 
deeper. In using the gaining template (Fig. 53, II) the point of the 
“roof ” of the template is placed exactly over the point of the roof of the 
pole and the template is shifted until its center line (which should be 



If/ ron~. 


£ Inn Bands 


llronCMn* 

Pole Duck 


. 4'4k’ .**131 

--- - 5 '$£- —.-iJ 


%Rovnd!rvn 


U-.. I2'0 m - . 

Pike Pole 


Bud 

IJtmtion. 


IB Li' V\ 


j ' -4 Iron 

u . 


%lron~. 




. 6'0" . -Jp-10 "-*| 

Dead Man. 

Ash ?** * -, 


■ 4'9 m *k*’4fr-/r'4 

Tamping Bar 


B/dr elevation 

Gaining Template ' 

Note .—The tool illustrated above as a Cant-Hook is properly termed a 
Teavie. A peavie has a splice in the end of its handle, while a cant-hook 
has no splice. 


Fig. 54.—Some line-construction tools. 


marked thereon) lies exactly under a cord stretched from the roof point 
to the center of the pole at the ground line. Then the positions of the 
crossarm gains are indicated by knife scratches made along the sides of the 
crosspieces on the template. 

Where a gaining template is not available, a crossarm (Fig. 53, III) can 
be laid on the pole with a steel square held against its lower face, the outer 
edge of the short limb of the square lying at the center of the pole and the 
center of the crossarm. Rotate the crossarm in a horizontal plane until, 
by sighting, it is evident that the edge of the square coincides with an 
imaginary center line to a nail in the center of the butt at the ground line. 
Indicate the gain location by knife scratches along the crossarm sides. 

66. Metal gains (Fig. 55, I) may be used in attaching the crossarm to 
the pole instead of notching the pole. By spacing the crossarm about 
in. away from the pole they allow for complete drainage of water 
from the joint and prevent rotting of the pole and crossarm. Also, at 
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double-arming locations, the use of metal gains spaces the crossarms 
about 2 in. farther apart, which allows more room between the pin 
insulators on the two arms and more room for tie wires, an important 
factor on the higher voltage lines. Metal gains are a great convenience 


No. 9 Go 
flat steel ■ 



No. 7 6a. 
flat steel * J 


’% Hofe 


Square 

washer 


Through holt 
Curved washer 



■Through 

bolt 


Reinforcing 

plate 


1H-Use of metal gain 
with square washer 

Fig. 55.—Metal gains. 


IV-Use of metal gam 
with reinforcing plate 

{Hubbard & Co.) 


Step tv Project 
, s" fromPbte.. 

►if « b - 




BorrfHoltf'dttp 


Iron Pole Step. 

r-fl'-i. t -r 


US9 Q 

40-Fttnny Vlkhoklh 

srrm 

20-Ptenny 
Nait htjiff*? 


Wooden Me Step 
Fig. 56-1.— Pole steps and socket. 



when installing an additional crossarm to an existing pole which did not 
have the gain cut in it. In using metal gains a square washer may be 
used under the head of the through bolt (Fig. 55, III). A better com 
struction is to use a reinforcing plate (Fig. 55, II) located on the outside 
of the crossarm (Fig. 55, IV). This makes for a more rigid construction 
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and helps to prevent checking and splitting of the crossarm at the 
attachment point. 

66. Pole steps (Fig. 56, I) can be located on the pole as shown in 
Fig. 56, II. A %-in. hole 4 in. deep is bored for the iron step. It is 
driven into the hole until it projects 6 in. from the pole and is then turned 
with a wrench until the hook end is vertical. The wooden step is held 
to the pole with one 40-penny and one 20-penny 
nail or with cut spikes. Often the wooden 
steps are omitted. The lowest iron step should 
be at least 7 ft. from the ground. Pole steps 
Vsj should extend from the pole parallel with the 

center line of the street on which the pole is 
set. 

Pole-step sockets (Fig. 56, I) are sometimes 
Vja substituted for the wooden steps. The sockets 

drive into a J6-in. hole. To climb the pole a 
£$ lineman can temporarily insert bolts or similar 

-jjh pieces of metal into the sockets. 

- & 67. Secondary racks are mounted on the 

-* sides of poles or buildings to carry low-voltage 

- mains, usually of 440 volts or less, to locations 
where building services are tapped off. Figure 
57, II, illustrates the rack used as a dead end 
with a head guy to take the tension of the 
wires. The building service in this case is 
tapped with open wires. The higher voltage 
wires are shown mounted on the crossarm at 
the top of the pole. Figure 57, I, shows two 

Fig. 56-11. -Location secondary lines crossing; Fig. 57, III, shows a 
of po e steps on pole, corner pole; Fig. 57, IV, shows the secondary 
wires supported on the side of the pole with an open-wire service tap; 
Fig. 57, V, shows a similar construction with taps to a service cable. 
Mounting of racks on brackets on the side of a building is shown in Fig. 
57, VI, with the service wires entering a service cap and conduit. 

68. Distribution transformers reduce the primary line voltage to a low 
secondary voltage suitable for customers’ use. They are mounted on the 
side of poles or on a platform between poles. Figure 58, I, shows such a 
transformer mounted on special crossarms in the space between the 
high-voltage wires at the top of the pole and the low-voltage wires on the 
secondary rack. Taps connect the primary of the transformer, through 
fuses mounted on the extra crossarm, to the high-voltage wires. The 
secondary of the transformer is connected directly to the secondary wires 
at the secondary rack. Attention should be given to making these 
connections in a neat manner, using right-angle bends and running the 
several wires of a circuit parallel to each other. Wherever there is danger 
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of a wire touching another wire or a cross-arm or brace or coming too 
close to a pole, wire-holder insulators (Fig. 34) or pin insulators should be 
installed on the sides of crossarms to keep the connecting wires in their 
proper position. Figure 58, II shows a similar arrangement where the 
secondary wires are closer to the primary wires and the transformer must 
be mounted below the secondary wires. The insulators on the trans¬ 
former crossarm keep the primary taps at a safe distance away from the 
secondary wires. A compact installation is shown in Fig. 58, III. Such 



F Crossing of two secondaries 
(Hubbard a Co.) 



I-Dead end of secondary with 
open wire service tap 
(General Electric Co.) 



HI-Comer construction 
(Hubbard a Co.) 



open wire service tap service cable tap 
(Hubbard ft Co.) (James R. Kearney Co.) 

Fig. 57.- -Ways of using secondary racks. 


an arrangement is quite satisfactory when there are only two primary 
wires spaced sufficiently far apart to give plenty of climbing and working 
space. A three-phase bank consisting of three single-phase transformers 
can be mounted on a platform supported from two poles located fairly 
close together. This is common practice for supplying an industrial 
plant. For three-phase distribution along city streets the three trans¬ 
formers may be mounted singly on adjacent poles, each one similar to 
Fig. 58, I. This practice is preferable where the transformer platform 
would be too conspicuous and unsightly. Additional details for the 
mounting of transformers are given in Div. 6. 
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69. In locating circuits on poles the through wires or trunk lines 
should be carried on the upper crossarms, and the local wires, those which 
are tapped frequently, should be carried on the lower crossarms. The 
two or three wires of a circuit should always be carried on adjacent pins. 
This is of particular importance with a-c circuits as the inductance, and 
consequently the inductive voltage drop, is increased as the distance 



Primary ‘fl 
fuse 


1 


Signalwired 

4 =^ 


Primary 

wires 


Transformer 


WJIrnin. 

I/*. 

Secondary' 
40 min. wires 




Primary 
wiresi 

\2min.if 

\pole pins Secondou g|| 
are vacant wires s 


Primary 

fuse 

Insulator 


Transformer 
16 min. aboveground 


T 


I-Single phase transformer mounted 
in space between primary wires and 
secondary racM Line Material Co.) 


H- Single phase transformer mounted 
below secondary rack(Line Material Co.) 


Lightning 



HI-Single phase transformer mounted 
on same cross arm with primary 
supply wires. (General Electric Co.) 

Fig. 58.—Mounting and wiring of distribution transformers. 

between the wires of a circuit is increased. Wires of a circuit should 
always take the same pin positions on all poles to facilitate trouble hunt¬ 
ing. Series circuits which do not operate during the daytime may often 
be carried on the pole pins of a crossarm. High-tension multiple circuits 
that are “hot” continuously are well placed at the ends of the arms out 
of the way of linemen. The neutral wire should always be in the center 
of a three-wire circuit. Figure 59 shows one good arrangement on a 
two, four-pin-arm pole. 
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70. Joint use of poles for circuits of different power companies or for 
circuits of a power company and a telephone or 
a telegraph company is frequently advantageous 
where the lines run along the same route (Fig. 

60). In the rules for location of conductors and 
clearances, the power-company circuits are fre¬ 
quently called simply supply wires; the telephone 
and telegraph company circuits are called com¬ 
munication wires. The National Electrical 
Safety Code provides that when supply circuits 
of different companies are located on the same 
pole, the higher voltage line should be carried 
at the higher level except that the lines of each 
company may be grouped together and always 
carried in the same relative position. For each 
company the lines of higher voltage should be 
located in the higher position. Whenever a lower voltage line is carried 
above a higher voltage one, it must be on the opposite side of the pole. A 



Fig. 59. —Location of 
circuits ‘on a two-arm 
pole. 


Arm carrying 
supply wires 



• Secondary wires no t to exceed 
2SO volts to ground may be 
carried on suitable insulators 
on metal racks or brackets 
attached directly to the pole 


Arm carrying 
communication wires 


Neutral 
space Climbing spa< 

46-in minimum 30-in. minimum ; 


Single I me cross arms 
of all occupants of the 
pole shall be attached 
upon the same side 


Railway feeders 
d.c. constant 
potential 750 volts 
or less 


ofthepoh 


Fig. 60.—Construction of jointly used wood-pole lines carrying supply 
circuits and signal circuits, showing arrangement of attachments and clear¬ 
ances. (Hubbard & Co.) 
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vertical clearance of at least 4 ft. must be maintained between wires of 
different power companies, and a clearance of 6 ft. must be used if 
required by the rules of Sec. 73. Supply wires must be carried above 
communication wires except that minor extensions may be made to 
existing systems which were installed with the communication wires 
above. Trolley feeder wires may be carried at the approximate level of 
the trolley wires irrespective of whether that location brings them above 
or below the communication wires. The climbing space (for a workman 
to climb the pole) between the wires nearest the pole on the lower level 
lines must be at least as great as given in the following table: 

71. Minimum Climbing Space between Wires Next to the Pole 

Conductor and Voltage of the Wires 

Adjacent to the Climbing Space Minimum Climbing Space, In. 

1. Poles used solely for communication wires: 

a. 0-150 volts. No requirement 

b. Over 150 volt*. 24 

2. Poles used solely for supply conductors: 

a. 0-300 volts. 24 

b. 300-7500 volts. 30 

Cm 7500-15,000 volts. 36 

d. 15,000-50,000 volts. 60-84 

3. Poles used jointly for supply and communication 

conductors. Same as for rule 2 above except, 

that the voltage class refers to 
the supply wires which are im¬ 
mediately above the communi¬ 
cation wires 


72, Power-supply conductors owned by the same company must be 
separated at least by the distances given below: 


Voltage between 
conductors 

Minimum horizontal 
spacing 

Minimum vertical 
spacing 


1 ft. 

2 ft. 


7,500-50,000. 

1 ft. increased by n 0.4 in. for 
each 1,000 volts above 7,500 
volts 

4 ft. 


Above 50,000. 

1 ft. increased by* 0.4 in. for 
each 1,000 volts above 7,500 
volts 

4 ft. increased by 0.4 in. for 
each 1,000 volts above 50,000 
volts 



« For the higher voltage, longer span lines, the following formulas apply if they give a 
separation greater than that given in the table. 

For wires smaller than No. 2: 


Reparation 


0.3K + 7\ ( | - 8 


For wires No. 2 and larger: 


Separation 


o:ae + sVj| 


where the separation is in inches, E = line voltage in kilovolts, and S *■ greatest sag of 
conductor “t 60°F. in inches. 
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73. The minimum distances between conductors at supports arc 

specified by the National Electrical Safety Code. Communication con¬ 
ductors must be spaced 6 in. apart horizontally. They must be located 
not less than 4 ft. vertically from supply wires up to 7,500 volts and not 


Clearance hne for wires 
of less than 7500/o/fs 
between conductors 


I-f- 



j Clearance lines for wires 
, of higher voltage systems 

'k~7,$00 to tS t 000 volts 
k i between conductors 

| 'More than 15,000volts 
, between conductors 

->i 


I-Clearance from building according to line voltage. 



11-Clearance from high building when Ill-Clearance from high building 
long cross-arms are used. when short crossarms arc used. 

Fiu. 61.— Clearances of wires from the outside of buildings. ( Abbott , National 
Electrical Code Handbook , 4th Ed.) 


less than 6 ft. vertically from supply wires of circuits of 7,500 to 50,000 
volts. Minimum required clearances for power-supply wires are given 
in Sec. 72. Conductors on secondary racks may have a vertical separa¬ 
tion of only 4 in. where the voltage is not more than 750 volts and the 
spans are not over 150 ft. long. Either 6 or 8 in. separation is more 
common for rack construction, however. There are some exceptions to 
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these rules for special construction, and anyone desiring to use somewhat 
lower clearances is advised to consult the National Electrical Safety Code. 

74. Clearances of wires from buildings are specified by the National 
Electrical Code (Fig. 61). Wires passing over buildings must be at least 
8 ft. above the roof. Wires of more than 7,500 volts musf not pass over 
buildings. The horizontal clearance from buildings is given in the 
following table: 

Line Voltage Horizontal Clearance fiom Buildings, Ft. 

0- 7,500 3 

7,500-15,000 8 

Over 15,000 10 

If buildings arc over three stories or over 50 ft. in height, a clear space at 
least 6 ft. wide for raising of fire ladders must be left either adjacent to 
the building or beginning not more than 8 ft. from the building (see 
Fig. 61, II and III). 

74A. Clearances of wires above ground are specified by the National 
Electrical Code and by the National Electrical Safety Code as follows: 


Type of ground surface 

Voltage 

Minimum clearance of 
wires above ground, ft. 

Residential property and spaces ac- 

Not over 150 volts to 

10 

cesaible only to pedestrians 

ground 



150 300 \ olts to ground 

12 


300-15,000 

15 


15,000 50,000 

17 

Driveways to residence garages 

0 750 

10 


750 15,000 

20 


15,000-50,000 

22 

Automobile parking lots and similar 
commercial areas 


12 

Roads in rural districts 

0 750 

12 (if hieated beyond 
jeaoh of vehicle) 

15 (otherwise) 


750 15,000 

18 


15,000 50,000 

20 

Alleys, driveways, and streets in 

0 600 

18 

urban districts 

600 15,000 

20 


15,000 50,000 

22 

Railroad tracks where men are not 

0 750 

18 

permitted on top of cars 

750-15,000 

20 


15,000 50,000 

22 

Railroad tracks where men are per¬ 

0- 750 

27 

mitted on top of cars 

750-15,000 

28 


15,000-50,000 

30 


For voltages above 50,000 volts the clearance must be increased by in. for each 1,000 
volts increase above 50,000 volts. 
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76. Tying In Wires. —Normally the wires should rest in the insulator 
grooves as shown in Fig. 62 A, but where there is a side stress the wires 
should be so arranged that the pull comes against the insulators rather 
than away from them (Fig. 62 B). A single tie for the smaller wires is 
shown in Fig. 63,1, and a back tie for the larger wires is shown at II. The 


Cron 

Arm 


Itnt 

Wtrei k 

L 



i y c 



ID 



A. 



r 


Arrangement on Straight Lines. 


/ //~?) ^ ) 

Arrangement where there tea Side Strain 


Fig. 62.—Positions of wires in insulator grooves. 


single tie wire is about 12 in. long, and the back tie about 18 in. long. 
The back tie is made as follows: Bend the tie around the insulator under 
the line wire, with 4 in. on one side of the insulator and the balance on the 
other side. Wrap the short end three times around the line wire, leaving 



Tie without Insutam 


I-Single Tie II-Back Tie 

Fig. 63. Methods of tying. (Preferably, the tic wires should not be cut 
off flush as shown above. Instead their ends should be permitted to stick 
out or to He along the line wires. This is to facilitate their removal.) 


a space equal to the diameter of the tie wire between successive wraps. 
Now wrap the long end of the tie wire three times completely around the 
line wire, then back around the insulator and wrap it in the spaces left 
between the wraps of the other end of the tie wire. Refer to Fig. 63 
for instructions regarding cutting of tie wires. 



Fig. 64. —Ties of the different types used in ordinary distribution systems. 

(See Table 77.) 

76. Different types of insulator ties which have been standardized by a 
western power company are shown in Fig. 64 and Table 77. The com¬ 
pany uses medium-hard-drawn line wire. Although good ties may be 
made with a medium-hard-drawn, weatherproof tie on a weatherproof 


1034 AMERICAN ELECTRICIANS' HANDBOOK [Div. 7 


line wire, medium-hard-drawn ties are not desirable on bare wires, as the 
bending radius is too small for these stiff wires. Hence, annealed bare- 
wire ties are used for bare line wires. Annealed ties may be cut from 
purchased annealed copper. Do not use a tie wire twice, as, after once 
being bent and strained, it will be brittle. The following table of sizes 
has been recommended for ordinary stresses. For very heavy stresses 
heavier tie wires should be used. 


Line wire, size 

Tie wire, size 

Kind of tie 

Line wiie, size 

Tie wire, size 

Kind of tie 

6 

6 

Single 

1 

4 

Back 

4 

6 

Single 

2/0 and larger 

2 

Back 

2 

4 

Single 





Tie wires should usually have the same kind of insulation as the line 
wire which it confines. The National Electrical Code requires this on 
indoor work, and it is also good practice on outdoor work. 


77. Table Showing Types of Insulator Ties for Different Services 


Size of line wire, 
gage or in. 

Insulator 

Top oi 
side 

Tie material 

Tie 

length, 

in. 

Type of tie 

Pig. 

64 

COPPER 

6 or 4 W P 

D.G.D.P. 

Side 

6 W P m.h.d. 

25 

Western Union 

I 

2 WP* 

D.G.D.P. 

Side 

4 W P m.h.d. 

27 

Western Union 

I 

1/0 to 4/0 W P 

Cable 

Top 

4 W P m.h.d. 

36 

Cross-top 

II 

1/0 to 4/0 W P 

Cable 

Side 

4 W P m.h.d. 

30 

Western Union 

I 

0 or 4 bare 

D.G.D.P. 

Side 

6 bare ann. 

27 

Double 

III 

0 or 4 bare 

11 kv. 

Top 

0 bare ann. 

40 

High-tension 

IV 

2 bare 

11 kv. 

Top 

4 bale ann. 

40 

High-tension 

IV 

1/0 to 4/0 bare 

11 kv. 

Top 

2 bare aim. 

44 

High-tension 

IV 

C to 4 bare 

11 kv. 

Side 

6 baie ann. 

40 

Looped W.U. 

V 

2 bare 

11 k\. 

Side 

4 bare aim. 

40 

Looped W.U. 

V 

1/0 to 4/0 bare 

11 kv. 

Side 

__1 

2 baie ann. 

48 

Looped W.U. 

V 


STEEL 


X and Ms 

D.G.D.P. 

Side 

1 strand, Ms in. 

27 

Double 

Ill 

X and Ms 

11 kv. 

Top 

1 strand, Ms in. 

44 

High-tension 

IV 

X 

11 kv. 

Top 

1 strand, X in. 

44 

High-tension 

IV 

X and Ms 

11 kv. 

Side 

1 strand, Ms in. 

48 

Looped W.U. 

V 

X 

11 kv. 

Side 

1 strand, % in. 

48 

Looped W.U. 

V 


78. The bare tie wires for uninsulated line wires should always be of 
the same metal as the line wire. If dissimilar metals are employed, 
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electrolytic corrosion and a consequent weakening and possible breakage 
of the line wire at the tying point may result. That is, bare copper tie 
wires should always be used on bare copper line wires, and galvanized-iron 
tie wires on galvanized-iron line wires. 

79. In making up line-wire ties, the tie wire should not be drawn too 
tightly around the line wire. The tendency of the beginner is to do this, 
with the result that the line wire is weakened and will probably sever when 
it is first subjected to an unusual stress such as that which is likely to 
occur when a low temperature prevails. 

80. In making ties on ACSR wire (see Div. 2) the conductor must first 
be reinforced by wrapping with armor rods twisted around the conductor 
with the aid of two special wrenches. 



1-Inital step. Wrenches ready to be closed around conductor leaving one 
end of rods taped. 



II-Final step. Wrench in final position ready for application of second 

V-bolt clip. 

Fig. 65.—Installing armor rods at insulator support for ACSR wire. 
(Aluminum Company of America.) 


Armor rods are shipped in sets (bundles) with the ends taped and with 
the center marked. Remove the tape from one end of the set and thread 
the rods through the two armor-rod wrenches, making sure that both the 
wrenches open between the same two rods. Leaving the set taped at one 
end keeps the rods from sliding while the assembly is being sent aloft and 
keeps ends even while making the first twist. 

Center the armor rods on the conductor over the point of support. 
Open the wrenches and then close them with the rods around the conduc¬ 
tor, (Fig. 65, I). Shift the wrenches on the rods to such a position that 
the middle third of the armor rods will be twisted with the first turn 
of the wrenches. Rotate the wrenches counterclockwise to make the 
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lay of the rods in the same direction as the lay of the cable. Twist the 
rods to give them a permanent set, so that the wrenches do not tend to 
spring back. After twisting the middle third, cut the remaining tape and 
slide the wrenches half way to the ends. Turn the wrenches and twist 
the rods as before. Finally slide the wrenches as close as possible to the 
ends, twisting this last section the same as for previous settings. 

The rods should be twisted snugly with a smooth lay. If twisted too 
tightly, there is a tendency to force one or more rods out of the layer, 
and the rods will stand away from the cable so that the assembly can be 




Fiu. (i6.—Ties for ACSR wire. (Aluminum Company of America.) 

slipped along the conductor before the armor-rod clips are applied. 
There is a “stopping point ,’’ which can be felt after a little practice. 

The armor-rod (V-bolt) clips should be applied about 1^2 in. from the 
ends of the assembly, which can best be accomplished by installing and 
tightening the V volts while the armor-rod wrenches are still in their 
final twisting position (Fig. 65, II). This procedure leaves the ends 
of the rods slightly flared away from the conductor. If the wrenches 
are removed prior to tightening the armor-rod clips, the ends of the rods 
may have to be flared as a separate operation. 

After installation of the armor rods the ties are made as shown in Fig. 
66. Figure 66, I, shows a top tie with the conductor on top of the 
insulator, and Fig. 66, II, shows the conductor tied on the side groove 
of the insulator. Above each view is shown a sketch of the manner in 
which the tie wire is wrapped and looped. 
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81. For ties on copperweld wire use annealed copper tie wires of the 
size given in the following table as recommended by the Copperweld 
Steel Co.: 


Size of conductor, 
A.w.g. 

Si 2 e of tie wire, 
A.w.g. 

Length of tie wire,® in. 

Top tie 

Side tie 


Bare, Solid Wii 

e Conductors 


10 

10 

38 

44 

9 

9 

40 

46 

8 

8 

42 

48 

7 

8 

42 

48 

6 

6 or 8 

46 

52 

5 

6 or 8 

AO 

56 

4 

1 

f> or 8 

">0 

56 


Thiee-wire Stranded Condwtois 


3 No 12 

8 

44 

50 

2 No. 11 

8 

44 

50 

3 No 10 

8 

44 

50 

3 No. 9 

6 

48 

54 

3 No 8 

6 

50 

56 

3 No. 7 

6 

52 

58 

3 No. 6 

0 

54 

60 

Type 4 Copperweld Copper Conductors 

8A 

8 

44 

50 

7 A 

8 

44 

50 

6A 

8 

46 

52 

5A 

6 

50 

56 

4A 

0 

52 

58 

3A 

6 

54 

60 

24 

0 

56 

62 


° Includes 4 in additional length on each end for convenience m applying tie. 


For top ties on copperweld wire, the type shown in Fig. 64, IV, is 
recommended. For side ties, the one shown in Fig. 67 with three loops 
around the insulator is used. 

82. For dead-ending of line wires at the end of a run or at corners, 
various types of construction may be used. For low-voltage, secondary 
rack construction a rack may be located on the front of the pole, and the 
tension taken by bolts through the pole (Fig. 68, I). The wires are 
looped around the rack insulators, and the end of the wire is wrapped 
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around the line conductor. Other low-voltage dead ends may be made 
up as in Fig. 69. Pin insulators may be used for dead ends where the 
line tension is not too great. Figure 68, II shows a dead end of service 



I-Bend tie wire around insulator 
above conductor to form a “U.” 
Both legs of the tie wire should be 
of equal length after binding. 



II-Holding tie wire tightly 
against insulator, throw two tight 
close wraps aiound conductor on 
each side of the iusulatoi- then 
cross legs of tie wire aiound 
insulator. 



Ill-Finish with six tight 45 deg. spiral wraps on each side of the insulator. 
Bend back ends and cut off. 

Fia. 67.—Side tie for copperweld wire. (Copperweld Steel Co.) 



I-On secondary rack E-On pin insulators 

on building 

Fig. 68.—Low-voltage dead ends. 



IE-On pm insulators with 
double cross arms 

(.Hubbard & Co.) 


wires with pin insulators on the side of a building. The wire is looped 
around the side groove in the insulator similar to the way it is secured 
on the rack insulator. Dead ends may be made on pin insulators on 
double crossarms as shown in Fig. 68, III. This construction is recom- 
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mended only for the smaller sizes of wires with light pulls, as the pins 
may break or bend with heavy loads. For heavier loads a low-voltage 
dead end on a crossarm may be made by using a strain insulator as shown 
in Fig. 70, I. For higher voltages one or more suspension insulators 
with a clamp to grip the conductor, as shown in Fig. 70, II and III, 
may be used. Instead of the conductor clamp the conductor may be 
looped around a dead-end 

Clevis pin 
T 

Hole 



elf locking coffer pin 
I-Single wire type 



thimble (Fig. 71). 

83. Where wires are car¬ 
ried through trees so that 
they would rub against 
branches, special tree wire 
(Fig. 72, I) should be used. 

This wire has a tougher 
insulation which will resist 
abrasion from the branches 
better than weatherproof 
wire. Where the tree 
branches are more or less 
continuous the tree wire 
should be used exclusively. 

If there is a span or more of 
clearing, it will be economical 
to splice in weatherproof wire 
to run through the clear 
space. For especially severe 
conditions a length of tree- 
wire molding (Fig. 72, II, III, 
and IV) should be added 
to the wire where the wire passes close to heavy limbs or tree trunks. 
In some cases a tree insulator (Fig. 73) may be screwed to the limb or 
trunk of the tree. This insulator has a removable pin and roller (Fig. 
73, II) so that the wire may be inserted without cutting and the pin 
replaced. The roller allows the wire to move freely without being cut. 
Wires should never be attached rigidly to trees because the swaying of the 
tree might break the wires. 

84. Wire and Wire Sizes for Electric Light and Power Lines.—No wire 
smaller than No. 6 is used in good construction for line wire. No. 8 is 
sometimes used for services not more than 75 ft. long that do not cross a 
street. Solid wires are often used for sizes up to and including No. 2/0 
and cable (stranded wire) is used for larger conductors. Triple-braid 
weatherproof is the standard insulation of aerial line wires. Annealed or 
soft-drawn wire is preferable to hard-drawn for services and secondary 
distribution lines because it is more readily handled and, in the sizes 
used, has ample tensile strength. Hard-drawn copper wire or steel- 


Fio. 


%Ho!e 


Clevis -4* 
pin 

I- Double wire type 

69.— Dead-end insulators. 
Material Co.) 


{Line 
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reinforced aluminum cable is preferable for transmission lines and 
feeders. 

85. Stringing Wire. —There are two methods, the choice depending 
on local conditions and the size and length of the circuit. By one method 



I-Low-voltage dead-end construction, 
using strain insulator 



Strain insulator fitting 



JT- 1-5 kv. dead-end construction 
using suspension insulator 
and double cross-arms 




IH-5-15 kv. angle Angle clamp 

construction on pole 

Fig. 70.—Types of clamps and dead-end construction. (Ohio Brass Co.) 


a reel of wire is set at one end of the line, and a rope carried 1,500 or 
2,000 ft. over the crossarms and attached to the wire, which is then 
drawn over the arms. The other way is to place the reel on a cart, and 
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\ 


.N 



—j'l-vj 





\K>h90V 

\ JThimbk 


BI-Thimble used for angle construction.Tie wire 
is used instead of usual clamping practice 


I-Dead-end thimble 

^Tlnsulcrhr 
and pin 


w_ Wire V ' J T~3-bolt wire damp 
lockclamps . . 


Alternate methods 
of fastening line wire 

without cutting the jumper and making a new dead-end. ^ thr ° U * h conducfor 16 t,cd * *' the ***** 

Fig. 71. —Dead-end construction with dead-end thimble. (Ohio Brass Co.) 



Heavy okoloom/ Rubber filled''' ConducforTinned 
Cross section protective covering tape rubber copper 

I-Detail of insulation on tree wire 

Manson friction tape built up Copper binding wires placed around 

to a diameter slightly larger moulding in grooves and twisted 

than mside diameter of moulding tight. Should be placed about W apart 


. / " — 

W ' re -Groove cut around '-Wood moulding 

wood moulding with saw 

IT- Method of installing moulding on tree wire 



m-Sectional view DT- A "Close-upVtree wire 

tree wire moulding with moulding 


Fig. 72.—Tree wiring. (Okonite Cable Co.) 
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after securing the end of the wire to the last pole the cart is started and the 
wire paid out till the second pole is reached, and then the wire is hoisted 
up and laid on the arm. Wire should always be paid out from the coil, 
the coil revolving, so that the wire will not be twisted. Where wire is 
not received on reels it should be placed on them before paying out. 



1-Insulator mounted on tree I- Detail of tree insulator 

Fiti. 73.—Tree insulator. {Line Material Co.) 

86. The advantages of an aerial cable installation over an open-wire 
line are as follows: 

1. Better resistance to damage from wind and sleet storms. 

2. Better appearance. 

3. Less trouble from lightning. 

4. Saving of space in congested locations. 

5. Low maintenance cost. 

6. Low reactance on account of the close spacing of the conductors. 

Although the installation cost of aerial cable is higher than for an open- 

wire line, the total annual cost in regions of severe weather conditions may 
be lower, in addition to the other advantages. 

87. A self-supporting aerial cable consists of an insulated conductor 
over which is placed a covering of alternate strands of galvanized-steel 
wire interlocked with special conducting wires. The covering provides a 
means of supporting the cable, furnishes a ground shield, and provides 
a low-impedance ground return. This cable is used on 2,300- and 6,600- 
volt, single-phase grounded circuits where the elimination of tree trim¬ 
ming and tree wire, greater spacing of poles, and the use of less expensive 
poles will justify the higher initial cost of the cable itself. A self-support¬ 
ing aerial cable does not require the use of a messenger cable for its sup¬ 
port. The cable is supported directly from the poles by means of clamps. 

88. An aerial cable installation consists of an insulated cable supported 
by hangers from a standard steel messenger cable, which in turn is sup¬ 
ported from poles. The attachment of the messenger cable to the pole is 
shown in Fig. 74. The hanger rings supporting the aerial cable are 
located approximately 20 in. apart. The messenger is dead-ended and 
guyed as in Fig. 77, II and ITT. 



Div. 7] 


OUTSIDE DISTRIBUTION 


1043 


89. Proper Sag in Annealed Copper Line Wires. —The wires should 
be pulled up until the sag equals that indicated in Table 90. The values 
of sag given in these tables are those recommended by the National 
Electrical Safety Code. 


90. Sags for Soft-drawn Covered Copper Wires for Different Span 

Lengths 

(At 30, 60, and 90°F.—wires without load) 




Teni- 


Sags, 

in., for span length of 

Size 

Grade of 

pera- 






A.w.g. 

construction 

ture, 
deg. F. 

100 ft. 

125 ft. 

150 ft. 

175 ft. 

200 ft. 

250 ft. 

Heavy-loading Districts 

0 

r 

30 

18.0 

28.0 

44.0 






60 

21.0 

32.0 

48 0 






90 

24.0 

36.0 

51.0 




4 

A 

30 

17.5 

28.0 | 

45.0 






60 

21 .0 

32.0 

48.0 






90 

24.0 

35.0 

51 .0 




1 

B and C 

30 

14.5 

23.0 

36 0 






60 

18 0 

27.0 

40 0 






90 

21.5 

31.0 

44.0 ! 




2 

A 

30 

14.5 

23 0 

36.0 

49.0 





60 

18.0 

27 0 

40 0 

54.0 





90 

21.5 

31.0 

44.0 

58.0 



2 

1* and C 

30 

11.0 

17.5 

28.0 

40.0 

55 




60 

15.0 

22.0 

33.0 

45.0 

60 




90 

18.5 

26.0 

38.0 

50.0 

64 


1 

A 

30 

10 5 

17.5 

28.0 

40.0 

55 




60 

15 0 

22.0 

33.0 

45.0 

60 




90 

18.5 

26.0 

37.0 

50.0 

65 


1 

B and C 

30 

8.5 

13.5 

21.5 

31.0 

43 




60 

12.0 

18.0 

27.0 

37.0 

48 j 




90 

15.5 

22.5 

32.0 

42.0 

53 | 


0 

All 

30 

8.5 

13.5 

20.5 

29.0 

39 




60 

12.0 

18.0 

26.0 

35.0 

45 1 




90 

15.5 

22.5 

31.0 

39.0 

51 


2/0 

All 

30 

8.5 

13.5 

20.0 

28.0 

36 



60 

12.0 

18.0 

25.0 

33.0 

42 




90 

15.5 

22.5 

30.0 

38.0 

48 


4/0 

All 

30 

8.5 

13.5 

18 5 

24.5 

30 



60 

1 12.0 

18.0 

24.0 

30.0 

36 




90 

16.0 

22.5 

29.0 

i 

36 0 

42 




Medium-loading Districts 



6 

C 

30 

14.5 

22.0 

36.0 






60 

18.0 

27.0 

40.0 






90 

21.0 

31.0 

44.0 




4 

All 

30 

11.0 

18.0 

28.0 

44.0 





60 

15.0 

22.0 

33.0 

48.0 





90 

18.5 

26.0 

37.0 

•53.0 
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Sags for Soft-drawn Covered Copper Wires for Different Span 
Lengths ( Continued) 


Size, 

Grade of 

Tem¬ 

pera- 


Sags, 

in., for span length of 


A.w.g. 

construction 

ture, 
deg. F. 

100 ft. 

125 ft. 

150 ft. 

175 ft. 

200 ft. 

250 ft. 

Medium-loading Districts ( Continued !) 

2 

All 

30 

8.5 

13.5 

22.5 

31.0 

43 




60 

12.0 

18.0 

27.0 

36.0 

48 




90 

15.5 

22.0 

32.0 

41.0 

53 


1 

All 

30 

•8.5 

13.5 

20.0 

28.0 

36 

53 



60 

12.0 

18.0 

25.0 

33.0 

42 

60 



90 

15.5 

22.5 

30.0 

38.0 

48 

67 

0 

All 

30 

8.5 

13.5 

19.0 

25.0 

33 

47 



60 

12.0 

18.0 

24.0 

31.0 

39 

54 



90 

15.5 

22.5 

29.0 

37.0 

45 

61 

2/0 

All 

30 

8.5 

13.5 

19.0 

24.5 

30 

41 



60 

12.0 

18.0 

24.0 

30.0 

36 

48 



90 

15.5 

22.5 

29.0 

36.0 

42 

55 

4/0 

All 

30 

8.5 

13.5 

18.5 

24.5 

30 

41 



60 

12.0 

18.0 

24.0 

30.0 

36 

48 



90 

16 0 

22.5 

29.0 

36.0 

42 

55 



Light-loading Districts 




6 

A 

30 

14 0 

23 0 

36 0 






60 

18.0 

27.0 

40 0 






90 

21.5 

31 0 

44.0 




6 

B and C 

30 

11.0 

17.5 

39.0 






60 

15.0 

22 0 

33.0 






90 

18.5 

26.0 

37.0 




4 

All 

30 

8.5 

13.5 

20.0 

26.0 

36.0 




60 

12.0 

18.0 

25.0 

32.0 

42.0 




90 

15.5 

22.5 

30.0 

37.0 

47.0 


2 

All 

30 

7.0 

11.0 

16 0 

22.0 

30.0 

41 



60 

10.0 

15.0 

21.0 

27.0 

36.0 

48 



90 

13.5 

19.5 

26.0 

33.0 

42.0 

55 

1 

All 

30 

7.0 

11.0 

15.0 

19.5 

24.0 

35 



60 

10.0 

15.0 

20.0 

25.0 

30.0 

42 



90 

14.0 

19.5 

25.0 

31.0 

36.0 

49 

0 

All 

30 

7.0 

11.0 

15.5 

20.0 

24.5 

35 



60 

10.0 

15.0 

20.0 

25.0 

30.0 

42 



90 

14.0 

19.5 

25.0 

31.0 

36.0 

49 

2/0 

All 

30 

7.0 

11.0 

15.0 

19.5 

24.0 

35 



60 

10.0 

15.0 

20.0 

25.0 

30.0 

42 



90 

14.0 

19.5 

25.0 

31.0 

36.0 

49 

4/0 

All 

30 

7.0 

10.5 

15.5 

19.5 

24.0 

35 



60 

10.0 

15.0 

20.0 

25.0 

30.0 

42 



90 

14.0 

19.5 

25.0 

31.0 

36.0 

49 



_ - 
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POLE-LINE GUYING 

91. Guying. —Probably there are not so many guys on pole lines as 
there should be to ensure continuity of service and minimum maintenance 



4-in. lag screw 
I -in. through bo/f 

2yin. square washer 


i -Safety strap 



Messenger 

strand 


-Cable 

\ 

Messenger ring 


Fig. 74. —Method of supporting aerial cable. {General Electric Co.) 


expense. Lines should be guyed not for normal conditions but for the 
most severe conditions that are apt to obtain. The guys should be 
frequent and heavy enough to sustain the line after the heaviest snow¬ 
storm or during the worst possible windstorm. A guy should be used on 
every pole where the tension of the wires tends to pull the pole from its 
normal position. 



Terminals poles should always be head-guyed and on lines carry¬ 
ing three or more crossarms the two poles next to the terminal pole should 
also be head guyed to distribute the stress. 

Line guys are installed on straight pole lines to reinforce them against 
the excess stresses introduced by storms. It is good practice to install 
head line guys, as shown in Fig. 75, at about every twentieth pole. This 
applies only to lines carrying more than one crossarm. 

The installation of additional side guys, arranged at right angles 
to the line, to trees, stubs, or anchors, is recommended. The side guys 
are attached to the same pole as the head buys. 

Side guys should be installed at curves, the guys taking the 
direction of radii of the curves. Figure 5 shows a table that gives 
the number of side guys required for a given line with a given “pull.” 
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The pull is the distance from the pole to a line joining two points in the 
line 100 ft. on either side of the pole (see Fig. 5). 




II-Head guys at a steep hill. 
Fig. 76.-*-Head-guy locations. 
Not less than 



I-With strand wrapped around pole, using guy shims I- With straight thimble eye bolt 



Guy plate 
Crossarm bott { 
Guy hook 



Forcftet'thimbfe eye nut 

El-With bent thimble eye bolt 
Fig. 77.—Methods of attaching guys to pole. (General Electric Co.) 


3ST- With strand wrapped around pole, using 
guy plates and hooks 


Poles on either side of a long span should be head-guyed as 
shown in Fig. 76, I. 
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Lines on steep hills should be guyed as shown in Fig. 76, II 
with head guys. 

Poles at each side op a railroad crossing, important highway 
CROSSING, OR A CROSSING OVER ANOTHER WIRE LINE should be head- 
guyed away from the crossing as in Fig. 76, I. 

Guy wires should be kept more 

THAN 8 FT. FROM THE GROUND where 
possible to prevent persons from making 
accidental contact with them. A clear¬ 
ance of at least 3 ft. should be main¬ 
tained between guys and electric wires, 
otherwise changes in temperature may 
cause the wires to come in contact. 

92. A guy assembly consists of the 
following parts: 

1. Attachment to pole being guyed. 

2. Guy wire containing one or two 
strain insulators. 

3. Attachment to stub pole or to lower 
part of another pole; or, ground anchor, 
anchor rod, attachment of strand, and 
guard. 



pole. 


93. Some of the methods of making up a guy on a pole are shown in 
Fig. 77. The method of Fig. 77, I is an easy one when some of the other 
materials are not at hand. The methods of Fig. 77, II and III, make a 
neater looking job when the hardware is available. The method of 
Fig. 77, IV Is used at a stub pole. Refer to Sec. 55 for a discussion of the 



Fig. 79.—Poles guyed to stubs. 


hardware required. Where there is but one guy per pole, it is made 
around the pole just under the top crossarm as shown in Figs. 78 and 79. 
Where there are two guys to the pole, one is made up just under the top 
crossarm and one just under the bottom crossarm. Where more than 
two guys are used, the additional ones should be spaced as equally as 
possible between the top and the bottom guys that are made up under 
the too and bottom crossarms, respectively. Where there are two or 
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more guys to a pole, each should be independent of the others. The 
different guy wires should not cross one another. Where two or more 
guys support a pole, a tumbuckle should be inserted in all but one to 

/ equalize the stresses. 

/2 Wraps of No. 12 ®4. Guy-wire Insulation. —Strain 

insulators should be inserted in all guy 
wires to poles carrying electric-lighting 
or power wires. Two insulators should 
be inserted in each guy. One is located 
at least 6 ft. from the pole itself or 6 ft. 
below the lowest line wire. The other 
is located at least 6 ft. from the lower 
end of the guy and at least 8 ft. from 
the ground. The two strain insulators 
are sometimes coupled in series in 
short guys. 

The assembly make-up of a strain 
insulator for a guy is shown in Fig. 
80. The two ends of the guy strand are looped through the separate 
holes in the insulator. The guy-wire clamps hold the wire from slipping, 
and the No. 12 wrapping wire secures the end of the strand to the guy 
wire and provides a neat appearance for the assembly. 

94A. The number and size of clamps to use for each looped back con¬ 
nection on a guy strand are as follows: 


Breaking strength 

No. of 

Type of 

Breaking strength 

No. of 

Type of 

of guy strand, lb. 

clamps 

clamp 

of guy strand, lb. 

clamps 

clamp 

4,000 

1 

Two bolt 

10,000 

2 

Three bolt 

6,000 

1 

Three bolt 

16,000 

3 

Three bolt 



/solid iron wirt 


Strain insulator 


Guymre 
damps \ ** * 


Fig. 80. —Method of making 
up a strain insulator in a guy 
strand. (Hubbard & Co.) 


96. The attachment of the guy strand to the anchor rod is shown in 
Fig. 81. Refer to Sec. 64 and Fig. 42 for description of anchor rods. The 

Guy--' 



Langs Thimble 


Two Guys ond One Anchor. 


\ 

Anchor Rod 
—* 


StH Thimble** 





Guy Cable 



One Guy and One Anchor 

Fig. 81.—Methods of making up guys on guy rods. 
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eye of the guy rod should extend about 3 ft. above the surface of the earth* 
Guy rods should not be 
installed where they will 
interfere with traffic. A 
guy protector guard (see 
Sec. 58) extending to about 
8 ft. above the ground 
should be placed over 
anchor guy wires near road¬ 
ways, as shown in Fig. 79. 

The foot of an anchor guy 
should be as far away from 
the foot of the pole as pos¬ 
sible—at least a distance 
equal to 34 the height of 
the pole. 

96. Anchors may be made 
from logs cut from the tops 
of old poles (Fig. 82), or 
patented metal or concrete 
anchors may be used. 

Table 97 gives the minimum 
size for anchor logs and 
rods and the depth of setting 



for anchors. 


97. Size of Anchor Logs and Depth of Setting for Anchors 


Size and number 
of guys 

Min. size of 
round logs for 
good soil 

i 

Length of rod 
below ground, 
ft. 

Size of 
guy rod 

One No. G Wire or one 4000 lb. 

3 ft. X 6 in. 

4 

7 ft. X H m. 

One 6,000 1b. 

3 ft. X 7 in. 

4 h 

8 ft. X H in. 

One 10,000 lb. 

4 ft. X 8 in. 

5H 

9 ft. X H in. 

One 16,000 lb. 

5 ft. X 10 in. 

6M 

10 ft. X 1 in. 

Two 6,000 1b. 

5 ft. X 8 in. 

5H 

9 ft. X 1 in. 

Two 10,000 lb. 

6 ft. X 10 in. 

6 or 

10 ft. X 1 H in. 

Two 16,000 lb. 

G ft. X 12 in. 

6H °r 7 

11 ft. X 1 H in. 


For the depth and holding strength of patented anchors the catalogues 
of the particular manufacturer must be consulted. 

98. Patented guy anchors can be used in certain kinds of soil very 
effectively. Figure 83 shows one kind of anchor that is screwed into the 
earth with a wrench. The resistance of this sort of an anchor to with¬ 
drawal from compact homogeneous soils is not determined by the weight 
of a column of earth the diameter of the anchor screw, but is determined 
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by that of a cone with sides slanting at 45 deg. and having the point of the 
anchor as an apex. Figure 84 illustrates this and shows the formula used 
for computing the withdrawal resistance. Figure 84 shows the anchor 
inserted perpendicularly, but an anchor should always be inserted at the 
same angle that the guy wire assumes, so the rod of the anchor will be in a 
direct line with the guy wire. Section 99 gives the actual resistances to 
withdrawal of the anchors. 



Fig. 83.—Matthews Seiuhx anchois and wicnchca. 


99. The actual holding power of patented guy anchors is an uncertain 
quantity, except in hard clays (“adobe,” “hardpan,” or “gumbo”) for 
which Carpenter’s formula (Fig. 84) may be used. The safest procedure 
is to test the anchor’s resistance to withdrawal in the soil in which it is to 
be used. A dynamometer may be employed for measuring the pull. 
Anchor manufacturers will gladly ship anchors on approval for tests and 
30 days’ trial. In general, the 5-in. Matthews Scrulix anchor (Fig. 84) 
should, in other than the hard clays, be used only for the lightest strains, 
say 1,100 to 2,500 lb., the 6-in. for 1,500 to 2,500 lb., the 7-in. for 2,500 
to 5,000 lb., the 8-in. for 5,000 to 7,000 lb., the 10-in. for 7,000 to 10,000 
lb. and the 12-in. for 10,000 to 12,000 lb. These holding powers are 
based on the anchor being screwed into the earth for a depth of at least 
5 ft. For anchorages under shallow strands of water or in swampy or 
caving ground, the 8-, 10-, and 12-in. anchors having the square rods are 
very convenient. 

100. Directions for Installing Matthews Guy Anchors. 5-, 6-, 7- 

and 8-in. with Rods. —Remove the eye of the anchor; pass the rod 
through the wrench and replace the eye, which will serve to hold the 
wrench rigidly to the anchor, then screw the anchor in, at the same angle 
as the guy wire is to run, as far as ground conditions will permit. When 
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in as far as possible, remove the eye and pull out the wrench. Then 
replace the eye, thus making anchor ready for guy wires. The handle 
bars of the wrench are adjustable and held in place with a setscrew. 
They can be moved back as the anchor screws in. 

8-, 10-, 12-in. with Rods. —Place bar or other lever in eye of anchor 
and screw it in as far as ground conditions will permit, always at the angle 



Fu». 84.—Illustrating Carpenter’s formula for resistance of Matthews 
anchor to withdrawal. 


that the guy wire is to run. Time will be saved and the anchor will start 
easier if a few spadefuls of earth are removed before starting anchor. 
When the anchor is set, attach the guy strand to the eye. Always pull 
anchor back as far as possible before finally tying the guy wire. 

In Dry, Hard Ground.—I n setting all anchors in hard ground, the 
work will bo much easier if a small hole is first made with an earth auger 



(Fig. 83), a crowbar, or a wood auger with a long shank. This renders 
the insertion of the anchor easier. A little water poured down this hole 
before starting the anchor will help considerably where the ground is hard 
and dry. In installing 8-, 10-, and 12-in. anchors in very hard ground, 
clamp a lever to the rod by means of a chain, a foot or so above the 
ground. As the anchor is screwed down, the lever can be moved up. 





-- 

5pan not? tyetc eta -*J 


Fig. 86. —Method of turning corner with one pole. 

In localities where loose gravel or small flat rock occurs, drill a hole with 
an earth auger, a digging bar, or a crowbar, as suggested above. If a 
small rock is encountered, it can be broken by the bar. If a large rock is 

“discovered,” the bar can be removed 
i1tad6 TA - y^ossAmt6uy — and ^g h 0 i e drilled j n another place. 

I This will allow the use of anchors in 

- _- ‘ j many places where otherwise it would 

!- Head(, HL —" _ . seem impossible to install them. 

-Z~"~* [ 101. The methods of installing stub 

T ' Spanmrtoexceed " guys are shown in Fig. 79. The stubs 

75 ‘* should be long enough so that the guy 

h | wires will clear roadways by at least 18 

f HeadGu y*^ ft., sidewalks by 15 ft., and electric wires 

I HeadOo fomfVm ® ft. Stubs are used only when a 
/and 2 line cannot be guyed properly to trees or 

poles. Stubs should satisfy the specifi- 
- ( J fl | j cation for poles as given in Sec. 8. 

102 - ^ guying to a tree, tree blocks 
« c - n , ... . (Fig. 85) should be used, and the wire 

double arms. should pass but once around the tree. 

Tree guying is undesirable and should 
not be done unless absolutely necessary. Guys should preferably 
be attached to trunks or to limbs that are not less than 8 in. in diameter. 
Do not attach to a limb that will swing with the wind and sway the 


Head Guy Sz. 


c Head Guy from Mm 

g /and 2 to foot of 

Junction Mo 


Fig. 87.—Corner pole without 
double arms. 














1 i nogi 
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Main Guy 



Fig. 89.—Guying at road crossing without side guyB. 


Fig. 90.—Guying at road crossing with side guys. 




mt- bridle Cross Arm Guy 



r\ 

'Pole 


CrvssArm 


Fig. 88.—Bridle guy. 
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pole. Enough tree blocks should be used so that the guy wire cannot 
Direction of put! touch the tree. 

* s M * 103. Crossarm guys are used 

\sfronn ' f ^ * fa where the pull on a crossarm is 

!plate \ ^sq ua rt washer unbalanced. Figures 48, 86, and 

4 87 show examples. Crossarm 

. ^Guy damp guys usually extend from the 

-J-b ^Stra/n insulator arm to a pole or stub, but some- 

| Pierce pole strut times for light strains the Y or 

i ^Golv.turnbuckl' 'Ruy (Fig^ 88) is used 

; eye and eye 104. Alme must be thoroughly 

I guyed where it crosses a road, 

“f g %x4”Laqs Figures 89 and 90 show two 

i methods of holding a line at such 

A I a point. The method involving 

j f .kjx 14" Eyebolt the use of side guys is preferable, 

Bolt cutoff ^jJL / with square washer hut the other one will give good 
at nut '**•*■' i service where side guys cannot 

• 1 ,-Guy-guard be installed. 

10 ft approx- r ^ 106. Where it is impossible to 

Concrete at least i I ^xSft secure guying privileges along 

6 thick around pole >\ 1 , anchor rod ,, , , , r 

^ \ ^ |k the desired route for a line, or 

dZgfthZnS Wstmmplafe "' hcre obstructions make guying 

standard * . difficult, the problem is generally 

j,_solved by the use of self-support- 

ing poles, a construction com- 
Fig. 91.—Details of self-supporting monly referred to as “hog 
pole * guying.” This method of 

strengthening a pole is especially useful on corners, around curves, and 
at points where space is too limited for ordinary guying. The method of 
hog guying is illustrated in P'ig. 91. 

106A. Pole braces are used j, 

where guying is not feasible. ^ Sr 

They cost more than equivalent 11 

guys. Figure 92 shows methods trace jf ^j\ 

of bracing poles. The upper end Jr | Piank> If , ^ 

of each brace fits in a notch cut m i of Brace Jf \ 

in the pole and is bolted thereto. ^ Jf ff 

/ UNDERGROUND WIRING r *Wt*m 

106. Underground systems arc ^ 

of three main types: Fig. 92.—Bracing poleB. 

1. Duct line. 

2. Cable buried directly in the ground. 

3. Conduits located in tunnels. 


Boltcutoff 
at nut ' '' 


!0 ft approx- 
Concrete at least : 
d'thick around pole . 

Set pole Ift\ 
deeper than \ 
standard * 


S%x !4"6uyeye 
angle bolt with 
L square washer 

lV<Sd/y damp 
J Strain insulator 
Pierce pole strut 

- %6a!v. turn buckle 
eye and eye 

4 '/ 2 \4"Lags 


.tjx 14"Eye bolt 


^ 'Guy- guard 

%"xSft 
. 'anchor rod 
£ _ 

r, 

■ Strain plate 


91.—Details of 
pole. 


self-supporting 


Fig. 92.—Bracing poleB. 
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A duct line consists of one or more conduits spaced close together with 
or without a concrete casing. The duct line is laid in a trench with the 
top at least 2 ft. underground and covered over with earth; it should be 
covered with pavement if it is located under a street. The duct lines 
terminate in underground vaults, called manholes, where transformers 
and protective equipment are located and where cable splices are made. 
The cables are drawn into the ducts from one manhole to the next. This 
system is ordinarily used for general underground distribution work where 
there is more than one cable located in the same run or where the cable 
may have to be increased in size or replaced. 

With the system in which the cable is buried directly in the ground, a 
trench is dug, and the cable, which is of a type to resist the corrosive 
effects of the ground (called parkway or nonmetallic-armored cable, see 
Div. 2), is laid in the trench without any protection other than that 
afforded by the cable insulation and earth covering (refer to Sec. 140A for 
further details). This method is used for single-circuit runs where the 
load is apt to be steady and definite, as in street or parkway series-lighting 
systems. This method is also used for underwater lines where the 
construction of a duct line would be difficult or impossible. 

For groups of buildings in an industrial plant or institution, where 
tunnels between buildings must be constructed for steam and water lines, 
it is quite common to locate the electrical circuits in conduits on the walls 
of the same tunnels. 

107. Commercial conduit duct materials are fiber, wood, vitrified tile, 
iron pipe, asbestos composition, and monolithic concrete. 

108. Fiber conduit is widely used for ducts in underground construc¬ 
tion. Fiber conduit is made of wood pulp which is treated and thor¬ 
oughly saturated with a bituminous compound. The compound contains 
about 6 per cent of creosote to prevent rotting. The different sections of 
conduit are joined by means of self-aligning joints. They may be laid in 
the trench with great rapidity. The cost of laying fiber conduit is con¬ 
siderably less than for tile duct owing to its lightness and to the greater 
length of sections, which require fewer joints. Fiber conduit permits 
cables to be drawn into it readily because of its smooth oily interior. The 
ducts are laid in concrete with walls 3 in. thick on all sides. Generally, a 
spacing of 3 in. is employed between the different ducts of a run. 

The standard sizes (nominal inside diameters) are 2, 2J^, 3, 3J^, 4, 4J^, 
and 5 in. On the smaller sizes the wall is y± in. thick; the 4)^-in. size has 
a *Ke-in. wall, and the 5-in. size has a %-in. wall. The standard length 
is 5 ft., but lengths as short as 3 ft. may be obtained as part of an order of 
standard lengths. 

109. Creosoted wood ducts are low in cost but will probably decay in 
time. Their life is said to be about 20 years if thoroughly creosoted. 
Wood duets are inflammable and may bum in case of a short circuit 
within them. 
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110. Vitrified-clay single duct or hollow brick is the most popular for 
communication cables and is sometimes used for low-voltage power work. 
Figure 93 shows a typical length. The inside diameters of the round 
ducts are 3J£, 3 }4 ,4 and 4)4 in. A 3^-in. square size is also available. 
The single duct is preferred because its walls are thick and in laying every 
joint is broken, eliminating the possibility of the arc of a short circuit on 
one cable affecting cables in other ducts in the same run. Single ducts 
can also be more readily laid around obstructions such as pipes, and, 
furthermore, curves can be more readily formed with them than with 
multiple ducts. 


sir 



Fig. 93.—A piece of single duet. 

111. Vitrified-clay multiple duct is frequently used for communication 
cables on account of the ease of assembly. The four-way multiple duct is 
the most popular size (Fig. 94), although the six-way duct is frequently 
used. Nine-, twelve-, and- sixteen-way multiple ducts can be manufac¬ 
tured, but they are seldom used because of their excessive weight and 
liability to breakage. The dimensions of the multiple ducts of a certain 
nominal size made by different manufacturers vary. Those shown in 
Fig. 94 for a four-way duct are typical. A 334-in. square size is also 



available. Two- and three-duct sections are 24 in. long; the others 
36 in. 

112. Iron pipe is sometimes used for duct lines, but since it costs more 
than the other materials it has not had general acceptance for this pur¬ 
pose. One important advantage is that it gives the cables better protec¬ 
tion from damage during excavation. Wrought-iron pipe is preferable 
to steel pipe, which is often sold for wrought iron, because the wrought 
iron resists corrosion much more effectively than does steel. See index 
for dimensions of wrought-iron conduit which are the same as those for 
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I-Harrington coupling 


joK p :v *^ 


wrought-iron pipe. Iron pipe is frequently used to carry parkway light¬ 
ing circuits, especially if they are laid in filled ground which might be 
injurious to cable laid directly in the ground. The principal use for iron 
pipe in underground work is for laterals (see Sec. 122). 

113. Asbestos composition conduit, called Transite, is made from 
asbestos fibers and cement rolled on steel mandrels under pressure. It is 
strong, light in weight, highly resistant to corrosion, incombustible, and 
noninductive and has low frictional resistance 
and high thermal conductivity for dissipating 
the heat from the cables. It is made in sizes 
from 2- to 6-in. iron-pipe size in 10-ft. lengths, 
except that the 2- and 2J£-in. sizes come in 
5-ft. lengths only. There are two grades, a light 
weight called Korduct, which should be used 
where concrete incasing construction is required 
owing to poor soil or where the duct is incor¬ 
porated in building construction, and a standard 
weight called Transite conduit. The standard 
weight may be used without concrete protection 
where the soil condition is reasonably good. It 
may also be used exposed to the weather on the 
sides of bridges or buildings. Transite Conduit 
without concrete encasing will run 10 to 30 per 
cent cheaper than steel or fiber duct encased in 
concrete. Joints are made with a tapered 
Harrington coupling (Fig. 95, I) into which the 
two ends of the conduit make a sliding wedge 
fit. In concrete work a tin-plate coupling 
(Fig. 95, II) with flared ends, into which the 
conduit fits, is commonly employed. For ex¬ 
posed installations, expansion couplings (Fig. 

95, III) are used to take up vibrations, expan¬ 
sion and contraction due to temperature changes, 
and movement between the supporting struc¬ 
ture and the duct. One-half of the expansion 
coupling has a larger diameter than the conduit. 


0.20 


Ml 


1.25 

0.125" 


I-Tmplate coupling 



In-Expansion coupling 

Fig. 95.—Couplings 
for Transite conduit. 
(Johns-Manville Co .) 


A durable rubber ring is installed between the conduit and the large- 
diameter half of the coupling which seals the joint and allows a move¬ 
ment of at least % in. in either direction from the median. For severe 
weather conditions an expansion coupling should be used every 30 or 
40 ft. Where the duct is protected from sun, rain, and freezing, as on 
the underside of bridges or within buildings, one expansion coupling every 
50 to 100 ft. may be sufficient. Table 114 gives dimension and weights 
of Transite Conduit and Korduct. ” 
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114. Standard Dimensions and Weights of Transits Conduit and 
Korduct 

Transite Conduit Transits Korduct- 


Size, 
inside 
diam., in. 

Wall" 
thick¬ 
ness, in. 

Standard 0 

length, 

ft. 

Weight" 
lb. per 
ft. 

Size, 
inside 
diam., in. 

Wall 0 
thick- ^ 
ness, in. 

Standard 6 

length, 

ft. 

Weight" 
lb. per 
ft. 

2 

0.30 

5 

2.1 

2 

0 20 

5 1 

1.2 

2H 

0.30 

5 

2.0 

2h 

0 20 

5 | 

1.5 

3 

0.32 

10 

3.3 

3 

0 22 

5 

1.8 

3H 

0.32 

10 

3.7 

3h 

0 22 

10 

2.0 

4 

0.32 

10 

4.1 

4 

0 22 

10 

2.3 

4 H 

0 35 

10 

; 5.1 

4 H 

0 22 

10 

2.8 

5 

0 35 

10 

5.7 

5 

0 25 

10 

3.2 

6 

0.35 

10 

6.7 

6 

0 25 

10 

3.7 


tt Wall thickness and weight subject to a tolerance of plus 15 per cent. Weights shown 
for Transite Conduit include one Harrington coupling per length and those for Tiansite 
Korduct include one tin-plate coupling per length. 

6 Right is reserved to ship up to 15 per cent in lengths s] 
length being a multiple of 6". 



t than standard, 

eaeh 

Size 

A 

B 

C 

2 

2.26 

2.40 

1.00 

2*2 

2.76, 

2 90 

1.00 

3 

3.31 

3 44 

1.13 

» l * 

3 81 

3.94 

1.13 

4 

4 30 

4.44 

1.25 

4*4 

4.80 

4 94 

1.25 

5 

5 35 

5 50 

1.38 

0 

6 34 

6 50 

1.50 


Size indicates nominal inside diametei of 
conduit in inches. 

The ends of Transite Conduit are 
machined to a standard taper of 
deg , to fit Harrington couplings, 


Size indicates nominal inside diameter of 
conduit in inches. 

Transite Korduct ends are tapered , 
on special order , to fit Harrington 
couplings. 


115. Monolithic concrete ducts may be built in two ways: (1) by using 
flexible Para rubber tubing as a core, (2) by using a duct-forming machine 
called a boat. In the rubber-tubing method, thick rubber tubes which 
are flexible but not readily collapsible are laid on a concrete base and 
separated with terra-cotta spacers. Concrete is then poured around 
them as in the other methods. When the concrete has set for a few hours 
the tubings are withdrawn, leaving a very smooth concrete duct. In the 
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boat method a track is built at the bottom of the trench. On this track 
runs the boat, which is really a die containing as many steel tubes as the 
number of ducts wanted. Concrete is fed into a hopper at the top and is 
tamped down around the tubes. The boat is moved slowly along the 
track either by hand or by power from an electric motor, leaving the 
finished duct extruding from the rear. The concrete is of a special 
mixture which is sufficiently solid to hold the form of the ducts as the boat 
moves along. 

The rubber-tubing method is especially advantageous where the duct 
line must be threaded around other underground structures and pipes. 
It may be used to advantage in bringing duct lines into power stations 
and substations, as the duct may be formed in one continuous run from 



Fig. 96.—Construction of duct line. ( John»-Manville Co.) 


the street manhole to the switching-gallery floor. The main advantage 
of the boat method as well as the rubber-tubing method Is that there is no 
material in the duct to decay. Both methods have proved more expen¬ 
sive than using fiber or asbestos conduit so that for normal straight runs 
they cannot compete economically. For special irregularly shaped 
curves a section of the monolithic concrete duct, formed by the rubber- 
tubing method, may well be inserted even if the main run is made with 
one of the other materials. 

116. In installing any kind of a duct line a trench is excavated to such a 
depth that the top conduit will be 2 to 3 ft. below the surface of the 
ground and so that the grade of the duct line will pitch toward the man¬ 
holes about 1 ft. in 100 ft., so as to ensure effective drainage. For power 
cables the ducts should be arranged either two conduits wide or two 
conduits deep so that every conduit will have earth on at least one side 
of it. This is necessary for conduction, into the cooler ground, of the 
heat generated by the PR losses in the cables. For communication 
cables the heat loss is low, and the ducts may be arranged in any con- 
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venient way. There should be from 1 to 3 in. of earth or concrete 
between conduits for power systems to ensure that flame and heat from a 
short circuit in one conduit will not affect the adjacent cables. The 3-in. 
separation should be used on the higher voltage lines. Conduits are held 
in position during construction of the duct line by wooden spacers (Fig. 
96). The width of the trench will depend on the working space required 
and on whether concrete and concrete forms are used or not. With 
Transite Conduit concrete is not required unless the soil is not firm. Tf 
the soil is firm, the trench may be merely 1 or 2 in. wider than the space 
required by the conduits. With other conduits, where concrete is 
required, it should be about 3 in. thick outside the conduits. In good 
firm soils the trench may be dug to exactly this width and forms omitted, 



the concrete occupying all the space between the conduits and the earth 
wall. In ordinary and poor soils the trench should be made an additional 
3 in. wider on each side to provide space for installing the forms. 

The bottom of the trench should be carefully rammed until solid so that 
undue stress will not be placed on the conduits. With concrete construc¬ 
tion the 3-in. bed of concrete is then laid, over which the lower tier of 
conduits is placed with spacers to ensure the correct separation between 
conduits. Then the concrete is tamped around them, and thus each level 
is built up until the duct is completed with 3 in. of concrete on top. In 
laying Transite Conduit in firm soil, the process is similar except that 
earth takes the place of the concrete. Sometimes the spacers are 
removed after the conduits are held firmly in position by the backfill and 
before the spacers are completely covered over. At other times the 
spacers are left in to form a permanent part of the duet line. 
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117. Installing Single-duct, Vitrified-tile Conduit. —(See Fig. 97 for 
sections of duct runs.) 

After the bed is set, the duct is laid in cement mortar. A mandrel 

(Figs. 98 and 99) is used to keep the , _ . 

_, f ran Staple rnOnet - 

successive pieces in line. It is customary » - _ , , 

to enclose the conduit in a continuous * • =7T ~ - 

concrete encasement 3 to 4 in. thick. Wooden Body' 

The mandrel is pulled through with a Fig. 98. —Mandrel for aligning 
long hook as the conduit progresses, conduit, 

to align the ducts. The leather washer scrapes away any mortar 
that has oozed through between joints and leaves the duct quite clean. 
The end of a No. 12 galvanized-iron wire is frequently attached to the 


Wooden Body' 

Fig. 98.—Mandrel for aligning 
conduit. 



Fig. 100.—Sections of multiple duct. 

The single ducts furnished by some manufacturers are provided with 
male and female ends, which assist in aligning the ducts. 
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118. Laying Multiple Duct.—Multiple duet is laid in about the 
same way as single duet. Figure 100 shows sections of multiple-duet 
runs. The pieees are laid end to end, and the joints, if there is more 
than one tier in the subway, are broken. The pieces are maintained in 

alignment by iron dowel pins or keys 
(Fig. 101), which fit in holes in the 
pieces. All joints are wrapped with 
pieces of burlap or coarse muslin, 4 in. 
wide and 3 ft. long for four-duct tile, 
which are moistened to make them stick. 
They are then coated with cement. The 
cloth prevents the entrance of cement or concrete into the ducts. 

Sometimes a mandrel (Fig. 98) ^ to in. smaller than the hole is 
drawn through as the construction progresses, as suggested in Fig. 99, 
to ensure alignment of the pieces. The handle on the mandrel should 
be long enough to reach back two joints so that one may be sure that tfce 
last three pieces set align, as they may have become displaced in setting. 






'‘'These Enter Due* 

Fig. 101.—Steel key for multi¬ 
ple duct. 


"Threaded 

into Casting^ ^CastIron Cone 
Link 


StifFMcta / Wmts^ 




Scraper. Brush. 

Fig. 102.—Sn&pci and brush foi conduit. 


After the pieces are set, be careful that they are not displaced before 
the concrete jacket is deposited. The ducts should be cleaned out after 
the concrete jacket has been placed by drawing a wire brush or flue 
cleaner (Fig. 102) through them. The brush is somewhat bigger than 
the duct hole. Sometimes a metal 
scraper (Fig. 102) is also used. 

Multiple duct has been laid without 
any concrete casing, but with merely a 
concrete bed, as suggested in Fig. 103. 

This const motion is economical in first 
cost but is apt to give trouble through 
settling of the earth or displacement duo 
to future excavation. Creosoted boards 
are sometimes laid on top of a conduit 
run to protect against labored picks. 

Experience has shown that the average 
laborer will stop when his pick strikes a board, but that he will pick his 
way through concrete or duct material. Multiple-duct conduit can be 
carried around obstructions, as shown in Fig. 104, by beveling the ends 
of the pieces. If the turn is too short it may be difficult or impossible 
to “rod” the duct and to pull the cable in. 



Fig. 103. —Protective planks 
over multiple duct. 
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119. To cut vitrified conduit a groove is chipped completely around 
the piece on the line at which it is desired to cut it. A hammer and cold 
chisel are used for chipping the groove. Usually it will break off on the 
chipped line after continued chipping, but it may not. Some experience 
is required before one becomes skillful at this work. Short lengths can 
be furnished by the conduit manufacturers and their use is recommended. 



Fig. 104.— Breaking around an obstruction with vitrified duct. (Where 
possible, the bend should pass over rather than under the obstruction. When 
it passes under the obstruction, water will collect in the pocket). 


120. In installing iron-pipe conduit no concrete casing is considered 
necessary if only one duct is involved. Where there are several ducts 
in the run, the ducts are sometimes laid on a 3-in. foundation of concrete 
and concrete is tamped between and around the ducts as shown in Fig. 97 
for single vitrified duct. Where the ducts will not be exposed to the 
dangers of future excavation the cost of the concrete is probably not 
justified. Iron pipe is sold usually in 20-ft. lengths. Joints between 
adjacent lengths are made with ordinary pipe couplings. See Index 


.-Iron Pip* 

< E#tSSffi SSSi 


Stmttrvn ! 
Wrapping/ 


■WrvBindmq 



Ready for Concrete. 

Fi«. 105.— Cement joint on wrought-iron pipe. 


for dimensions of conduit and fittings, which arc the same as those for 
pipe. The burrs at the ends of pipe lengths must be carefully removed 
1o prevent damage to the cable*. Where it is inconvenient to use a 
coupling, a pipe union can be used instead or the fitting can be omitted 
(Fig. 105) and the abutting ends encased in a block of concrete. The 
ends should be wrapped with a piece of sheet iron wired in position before 
the concrete is applied. Iron pipe for conduit is sometimes painted, 
inside and out, with asphalt, but this is not considered necessary by all 
engineers. 
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121. Concrete for conduit work should be clean, i.e., foreign substances 
should not be permitted to enter into its composition. If the surface 
on which it is to be mixed is not smooth and clean, mixing boards or 
pans should be used. Foreign material impairs the strength of concrete, 
and it becomes porous and leaky. The concrete should be mixed from 
Portland cement, clean sand, and gravel or broken stone, in the propor¬ 
tions, by volume, of 1 part of cement to 3 parts of sand and 5 parts of 
gravel or stone. Just sufficient water should be used to wet the mixture 

thoroughly and to permit a small amount 
of water to come to the surface when the 
concrete is tamped into final position. 
The cement, sand, and stone should be 
“turned” on the mixing board at least 
three times dry and at least twice after 
wetting. The concrete should be placed 
immediately after mixing. When the 
concrete lias been placed in the trench, 
several hours should be allowed for it to 
take its initial set before the trench is 
filled in. This is necessary to prevent 
throwing the ducts out of alignment, or 
fracturing the “green” concrete. 

122. For laterals which carry the service 
cables from the duct lines to the buildings 
served, concrete construction is usually 
not justified. For this purpose Transitc 
Conduit may be used, although iron pipe 
has been more commonly employed for 
this purpose. Iron pipe may be bent at 
will, and it is frequently necessary to 
thread a network of underground struc¬ 
tures with a lateral, especially if it has to 
cross the street. Usually wrought-iron pipe is used because the wrought 
iron resists the corrosive effect of the ground. An application of iron 
pipe in changing from overhead to underground construction is illustrated 
in Fig. 106. 

123. Manholes are necessary in a subway system to permit of the 
installation, removal, splicing, and rearrangement of the cables. A 
manhole is merely a subterranean vault or masonry chamber of sufficient 
size to permit of proper manipulation of the cables. The conduits enter 
the vault, and on its sides devices are arranged whereby the cables within 
the manhole can be supported. 

The location of manholes is determined largely by the layout of the 
district that is to be supplied with power. Wherever a branch or lateral 
extends from the main subway there must be a manhole, and there must 



Side 

View. 


Fig. 106.—Wrought-iron pipe 
laterals. 
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be manholes at intersections of subways. In general, cables are not 
made in lengths exceeding from 400 to 600 ft. and, as it is necessary to 
locate splices in manholes, the distance between manholes cannot exceed 
these values. Furthermore it is not advisable to pull in very long lengths 
of cable, because the mechanical strain on the conductors and sheath 
may then become too great during the pulling-in process. It is recom¬ 
mended that manholes be located not more than 500 ft. apart (see 
Sec. 148). 

124. Manholes are made of many shapes and sizes to meet the ideas 
of the designer and to satisfy local conditions. It is established, however, 



5&ct/on. Stctfon* 


I-A. 5- by 7-ft. brick manhole. II-A. 5- by 7-ft. concrete manhole. 

Fig. 107.—Typical manholes. 

that the form shown in Fig. 107 is best for the average condition. Where 
there are obstacles about the point where a manhole is to be located, the 
form of the manhole must be modified so as to avoid them. The form 
approximating an ellipse (Fig. 109, I) is used so the cables will not be 
abruptly bent in training them around the manhole. In using the 
rectangular type of manhole (Fig. 109, II) care must be taken not to bend 
the cables to a sharper radius than is allowable as given in Div. 2. 

The size of manholes will vary with the number of cables to be accom¬ 
modated. but in any case there must be sufficient room to work in the 
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i In * a y L i ■ 

\pT* y 
V}- r—iTTT-tJ 

Plan View. 


manhole. A 5- by 7-ft. manhole (Fig. 107) is probably as large as will 
be required in isolated plant work, while a 3- by 4-ft. manhole (Fig. 108) 

is about as small as should be used. 
‘Z.z: ~ r When transformers are located in a man- 

/ / \ \ » hole, the size should be increased to allow 

j i / N \ j | for working space around the transformer 

I fw* | J j *4 and for ventilation. About 2 or 3 cu. ft. 

1 I Jr_ 1 1 *** vo ^ ume should be allowed per kilovolt- 

j I pJT" Jyj i 7 I ? ampere of transformer rating. 

J ! J ! ' ! i | Manholes are built of either brick or 

l l . Tv /f ) j j, ; concrete, or of both of these materials, 

'‘j__ y l/l ^ j Where many manholes are to be built of 

L.Z'i-r-zTiiS^ 4, one size and there are no subterranean 

j yUjU obstructions, concrete is usually the 

Plan View. cheapest and best material. But where 

only a few are to be constructed or where 
there are many obstructions a manhole 
with a concrete bottom, brick sides, and a 
Back waif, concrete top is probably the best. Such 
a manhole can be constructed without 
having to wait for concrete to set before 
forms can be removed and, furthermore, 
no forms, except some planks to support 
the top, are necessary. 

126. A concrete manhole is built by 
first depositing the concrete floor (Fig. 
° vsMSt *fSj*t 107, II) and then erecting the form for 
5 * t11on * the sides on this floor. In a self-support - 

Ftg. 108.—A 3- by 4-ft. man- ing soil the sides of the hole constitute the 
llolc * form for the outside of the manhole. If 

the soil is not self-supporting, an outer form of rough planks must be 
made, which is usually left in the ground. Steel reinforcing—old rails an* 
good—must be placed in the concrete top of a large manhole. In a small 


Fig. 108.—A 3- by 4-ft. man¬ 
hole. 


manhole the manhole 
head or cover will 
extend over the side 
walls, and no reinforc¬ 
ing, or manhole roof 
for that matter, is re¬ 
quired. All reinforc¬ 
ing steel should be 
completely encased 


r6 "fo 8"Walt 



,/2"fo/6 Waff 




Head room 
6 'to 7* 



Ve-o/’-'A 

to /NO 

I I-Rect angular 


ing steel should be I-Elliptical I I-Rect angular 

completely encased ^ IQ * Types °f manholes, 

in concrete to prevent corrosion. 

126. A manhole with brick walls is built (Fig. 107,1) by first depositing 
the concrete floor and then building up the brick walls thereon. Where 
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Plan View*. 


the manhole is large the roof can be of either steel-reinforced concrete 
or brick set between rails. Probably for installations where only a few 
manholes are to be built the brick-between-rails method is the best. 
For a small manhole no masonry roof is necessary, as the cast-iron man¬ 
hole head forms the roof. 

Cement mortar for building brick manholes or for conduit construction 
can be made by mixing together 1 part of cement and 3 parts of sand 
and about part of water, all by volume. 

127. Distribution or service boxes, so called, which are really small 
manholes, often serve the purpose of, 
and can be used instead of, larger 
vaults in industrial and isolated plant 
installations. A design for a concrete 
service box is shown in Fig. 110. A 
brick one would be of approximately 
t he same dimensions. The depressions 
in the side walls are sleeve pockets. 

The splicing sleeves on the cables lie 
partially in these, after installation, 
and therefore less of the valuable 
working space of the box is occupied by 
them. In spite of the fact that a 
square manhole cover can fall into the 
hole, heads with square covers arc often 
used for distribution boxes so as to pro¬ 
vide an orifice giving maximum work¬ 
ing room. 

128. Manhole heads are frequently 
made of cast iron, but cast steel is 
better; the cover should always be of 
cast steel. Figure Ill shows a design 
for cast iron, for a large manhole, and 
Fig. 112 one for a smaller manhole. 

Covers should be round so that they cannot drop into the hole 
accidentally 

So-called watertight covers are now seldom used as it is not feasible to 



Hor. Section Showing Stave Vbdwr 

Fiu. 110.—A concrete service box. 


make a satisfactory watertight cover at reasonable expense, and water 
gets into the manholes in any event. Covers should not be fastened down 
because, if they are and accumulat ed gas in a manhole explodes, the vault 
and cover will be shattered. A ventilated cover should be used in order 
to allow the escape of gas. The newer types have ventilating slots over 
approximately 50 per cent of their area. Dirt and water will get into 
the hole, but the dirt can be cleaned out and the water will drain out and 
no harm will result. If ventilation is not provided an explosion of gas 
may occur and do great damage. 
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129. Draining Manholes. —Where feasible, a sewer connection should 
lead from the bottom of every manhole (see Fig. 107, II). The mouth 
of the trap should be protected by a strainer, made of noncorrodible wire, 
such as that used for leader pipes. Where a sewer connection cannot 
be made there should be a hole in the manhole floor so that water can 
drain out. A pocket under the manhole filled with broken rock will 
promote effective drainage (see Fig. 108). 



130. At the point where a conduit line enters a manhole the walls 
should be chamfered off as shown in Fig. 113 to prevent the damage that 
might occur if a cable is bent over a sharp corner. 

A precast conduit entrance may be made up on forms on the surface 
of the ground and then lowered into position in the side of the manhole. 
One type using porcelain duct bells is shown in Fig. 114. The smooth 
curved surface of the bell prevents the cable sheath from being cut where 
it starts to bend coming out of the duct line. 
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Detail of 
Ventilating Hole 


Fig. 112—Hoad for small manholes. 



Fig. 113 —Chamfeied wall at conduit entiance. 



I- Completed H-Detai I of duct bell JH* Porcelain 

precast entrance fitted to duct duct bell 

Fig. 114 Manhole duct entrance using porcelain bells C Line Material Co,) 
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131. Average Cost of Manholes 





Rate 








Item 

\iuount 

Min. 

Aver¬ 

age 

Max. 

Min 

amount 

Per 
<< nt 

Average 

amount 

Per 

cent 

Max. 

amount 

Per 

cent 




Brick with Brick Roof 






Excavation j 

175 cu ft. 

$0 08 

$0 lb 

$0 24 

$30 00 

14 0 

$00 00 

20 0 

$90 00 

23 4 

Concrete 

0 7 cu. yd 

10 00 

12 50 

15 00 

7 00 

3 2 

8 75 

2 9 

10 50 

2 7 

Brick 

2.200 

40 00 

45 00 

50 00 

88 00 

40 9 

99 00 

33 0 

110 00 

28 G 

Cover 

1 

20 00 

30 00 

40 00 

20 00 

9 3 

30 00 

10 0 

40 00 

10 3 

Iron 

5001b. 

0 05 

0 075 

0 10 

25 00 

11 6 

37 50 

12 5 

50 00 

13 0 

Repaving 

6 sq. yd. 

5 00 

7 50 

10 00 

30 00 

14 0 

45 00 

15 0 

GO 00 

15 5 

Cleaning 


15 00 

20 00 

25 00 

15 00 

7 0 

20 00 

6 f> 

' 25 00 

b .5 

Totals 1 

1 



1 


$215 00 

100 0 

1 

$100 25 

! 

100 0 

$385 50 

100 0 


Bruk with Com it U Roof 


Excavation 

175 cu. ft 

$0 

08 

$0 

lb 

$0 

24 

$30 

00 

16 

9 

$60 

00 

24 

0 

$90 

00 

27 

7 

Concrete 

1 9 cu yd. 

10 

00 

12 

50 

15 

00 

19 

00 

10 

7 

23 

75 

9 

5 

28 

50 

8 

8 

Brick 

1,600 

40 

00 

45 

00 

50 

00 

64 

00 

36 

0 

72 

00 

28 

7 

80 

00 

24 

8 

Cover 

1 

20 

00 

30 

00 

40 

00 

20 

00 

11 

2 

30 

00 

12 

0 

40 

00 

12 

4 

Repaving 

0 sq. yd 

5 

00 

7 

50 

10 

00 

30 

00 

16 

8 

45 

00 

17 

9 

60 

00 

18 

6 

Cleaning 


15 

00 

20 

00 

25 

00 

15 

00 

8 

4 

20 

00 

7 

9 

25 

00 

7 

7 

Totals 





$178 00 

100 o 

$250 75 

100 0 

$323 

50 

100 0 


ur<te Manhole 


Excavation 

375 cu. ft. 

$0 

08 

$0 

lb 

$0 

24 

$30 

00 

21 

4 

$00 

00 

28 

4 

$90 

00 

31 

9 

Concrete 

4.5 cu. yd. 

10 

00 

12 

50 

15 

00 

45 

00 

32 

2 

56 

25 

26 

b 

67 

50 

23 

9 

Cover 

1 

20 

00 

30 

00 

40 

00 

20 

00 

14 

3 

30 

00 

14 

2 

40 

00 

14 

1 

Repaving 

6 sq. yd. 

5 

00 

7 

50 

10 

00 

30 

00 

21 

4 

45 

00 

21 

3 

60 

00 

21 

2 

Cleaning 


15 

00 

20 

00 

25 

00 

15 

00 

10 

7 

20 

00 

9 

5 

25 

00 

8 

9 

Totals 





$140 

00 

100 

0 

$211 

25 

100 

0 

$282 

50 

100 

0 


132. Cost of Sewer Connections 


Excavation 

225 cu. ft. 

$0 

08 

$0 

16 

$0 

24 

$18 

00 

53 

4 

$36 

00 

57 

8 

$54 

00 

59 

4 

Concrete 

5 cu. ft. 

0 

30 

0 

40 

0 

50 

1 

50 

4 

4 

2 

00 

3 

2 

2 

50 

2 

7 

Cover 

1 

4 

00 

7 

00 

10 

00 

4 

00 

11 

9 

7 

00 

11 

2 

10 

00 

11 

1 

Repaving 

16 ft. 

0 

20 

0 

30 

0 

40 

3 

20 

9 

5 

4 

80 

7 

7 

6 

40 

7 

0 

Brick 


3 

00 

4 

50 

6 

00 

3 

00 

8 

9 

4 

50 

7 

2 

6 

00 

0 

6 

Cleaning 


4 

00 

8 

00 

12 

00 

4 

00 

11 

9 

8 

00 

12 

9 

12 

00 

13 

2 

Totals 




.1 

$33 70 

100 0 

$62 30 

100 0 

$90 90 

100 0 
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133. A manhole hook, a convenient tool for removing manhole heads, 
is shown in Fig. 115. A common pick can be used, but the tool shown 
is much more convenient. 

134. In installing cables in conduit, if a pull-in wire was not installed 
at. the time the ducts were placed, the conduit is rodded, a pull-in wire 



or the drawing-in cable is drawn through, cleaners are pulled through, 
and then the cable is drawn in. 

136. Rodding.—Rods are pieces of round hickory about % in. in 
diameter and 3 ft. long (see Fig. 115A). The ends of the rods are 
equipped with brass knuckle-joint fittings so the rods can be readily 
joined together and disjoined. In rodding, a rod is pushed into the duct 
and a second rod is coupled to it. The two are pushed into the duct, and 
a third rod joined on, and the process is repeated until the rods extend 
from manhole to manhole. A galvanized-iron wire is attached to the 
last rod, and the wire is drawn into the duct. 

A rope or flexible steel cable to which are attached a scraper and a 
brush (Fig. 102) is drawn' through to ensure that the duct is clear and 


Brass Socket 



£ 

£ 


Fig. 115A.—Rods for conduit. 


Brass Hack 



-.rTl 


clean. To the end of this rope or cable another is attached which is 
used to pull in the electrical conductor cable. 

Where the conduit is short, a steel fish wire or ribbon, like that used 
by electricians in wrought-iron conduit work, can be inserted instead of 
the rods. Sometimes a “fish” made of lengths of flexible bamboo is 
used instead for laterals and other short runs. 

186. Pulling In Cable. —The cable can be attached to the pulling-in 
wire by any one of several methods. Figure 116, C shows one that was 
formerly much used. Probably the best methods are those illustrated 
in Fig. 116, A and B . At A, a galvanized iron wire is laced around the 
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cable in such a way that the harder it is pulled the tighter it grips. At 
B is shown a “grip” spirally laced from flexible steel strands. It slips 
over the cable sheath readily, but when tension is applied it effectively 
grips the cable. A swivel should always be inserted in any pulling-in 




Fig. 117.—Drawing m cable with winch. 

tectors can be purchased, but a good one can be formed from a piece of 
sole leather. 

The cable is bent, as shown in Fig. 117, from the cable reel to the 
mouth of the duct, and the pulling in commences. In the far manhole, 


mm 



• • _ • • -frOl \ 

Guide Rack Detail*. ^-- —^ 

Sheave Detail*. 

Fig. 118.— Guide sheave, rack, and sleeve. 

sheaves are arranged over which the pulling-in line passes (see Fig. 117). 
If eyebolts were built in the manhole sides, the sheaves (snatch-blocks) 
can be fastened to them. Otherwise a guide-sheave rack (see Fig. 118 
for detail and Fig. 117 for application) can be set up in the manhole. 
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A winch, truck, tractor, or horses can be used for the pulling. Men 
can pull a cable in if the run is not too long. The cable sheath should be 
greased as it is drawn in, to ensure easy pulling. Where a length of 
cable longer than the distance between manholes is to be pulled through, 
it can pass over the sleeves on the 
guide-sleeve rack, provided they are 
large enough in diameter. Refer to 
Tables 135 and 136 in Div. 2 for mini¬ 
mum allowable bending radii of cables. 

A manhole capstan (Fig. 119) is some¬ 
times used instead of a winch on the 
surface of the ground. Enough cable 
should be pulled into the manhole to 
allow for forming it around the hole 
and splicing it. Do not permit a cable 
to hang over the sharp edge of a duct. 

Support it in the rack. 

137. Supporting Cables in Manholes. 

Some provision must be made for sup¬ 
porting cables. Creosoted planks (Fig. 

120) are sometimes bolted to the man- „ „. . 

. . . . , ,, . ., . 1 iu. 119.—Manhole capstan, 

hole sides, and the cables are held to the 

cleats with pipe straps. In other cases metal supports are used, several 
forms of which are on the market. One that can be readily made is 
shown in Fig. 121. A rack made of porcelain arms on a steel framework 
is shown in Fig. 122 




Section of manhole plonks 

Fia. 120.—CrGsoted plank cable supports. 


138. Eyebolts or stirrups should be set in manhole walls to provide 
means of attachment for the tackle used in pulling in cable (Fig. 120). 
An eyebolt or stirrup should be set opposite the point of entrance of each 
subway. Figure 123 shows the dimensions of a suitable stirrup. 
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Hanqcr Assembled. 

Fig. 121.—Iron cable support. 


■O 

_j i f Uni 

— *1 w— 

Detail of Stirrvjt 



•>| 2% (♦-- 5"-+ j-*- f"'*\ 


H- Detail of arm 


I- Assembly 
Fig. 122.- 


IH-Porcelain insulator 


-Cable rack. (Line Material Co.) 


conditions and mechanically easy to withdraw them, the removal almost 

n- j : invariably ruins the cable, because 

t-- . after long lying in a duct the cables 

,_ tQ- . j_ \ ‘ become so impacted with dust and grit 

T 9 b'Mad$orwh,o 9 f*inn. "l m that when one is drawn out the sheath 

J" -^ is either stripped from the cable itself, 

Plan. or from one of its companions. Con- 

n*— —# 4 *—,—_ 3 f jfL sequently, conduits are now almost 

U— ■ * - — r exclusively built by arranging a sufficient 

side Elevation. number of ducts so that each cable may 

Fig. 123. —Stirrup for manhole have its own exclusive compartment. 

wa ^* The maximum diameter of a cable 

that may be installed in a duct, as recommended by the Edison Electric 


Tt>br Mod* of Vfrouyht iron. 


Side Elevation. 

Fig. 123.—Stirrup for manhole 
wall. 









Div. 71 


OUTSIDE DISTRIBUTION 


1075 


Institute, is given in Sec. 32 of Div. 10. For cable diameters refer to 
Div. 2. 

140. In manholes and ducts cables should be so arranged that there 
will be a minimum of crossing and recrossing. An underground cable 
system should be carefully planned, and the ducts should be so chosen 
for the cables that, as far as feasible, a cable will take the duct in the 
same relative position throughout the subway. 

140A. Installation of Cable Buried Directly in the Ground. —Cable 
buried directly in the ground finds a wide field of application for installa¬ 
tions of single circuits where the cost of duct construction would be 
prohibitive. Some of the more common applications are: 

1. Street-lighting circuits, especially in cities whose outlying sections 
are without ducts. 

2. Lighting and power circuits in parks, on estates, in industrial 
plants, on bridges, etc. 

3. Connecting residences to mains, especially subdivisions and under¬ 
ground service in alleys. 

4. Connecting houses, garages, and other buildings. 

5. Railroad-yard and airport lighting. 

6. Lighting and power circuits for amusement parks, baseball, foot¬ 
ball, and general sports. 

7. High-wall power cable for strip mines. 

8. Railway-signal circuits. 

9. Crossings under small lakes and streams. 

10. Horizontal runs in mines for power, lighting, and telephone circuits. 

Both nonmetallic-armored cable and metallic-armored cable (parkway 
cable) are used for direct burial in the earth. Refer to Div. 2 for descrip¬ 
tion of these cables. The nonmetallic-armored types are lighter in 
weight, more flexible, and easier to splice, are not subject to rust, crystal¬ 
lization, induced sheath power loss, or trouble from stray currents. On 
the other hand, they do not give such good protection against mechanical 
injury. 

The cables are installed either by digging a shallow open trench, laying 
in the cables, and refilling, or by means of a special plow, which is avail¬ 
able on a rental basis. When a trench is dug, it needs to be made only 
wide enough for convenient handling of the cable. The cables need not 
be laid more than 12 to 18 in. under the surface except where subject to 
extreme mechanical hazard, such as at street intersections or under 
roadways. At such points it is advisable to bury the cable at least 30 in. 
deep and to cover the cable with sections of planking. 

DESIGN OF DISTRIBUTION INSTALLATIONS 

141. In designing an installation of conductors for the distribution of 
electricity there is no royal road. It is rather a cut-and-try process, 
and frequently, for a reasonably large installation, many tentative layouts 
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must be made before the most suitable one is found. The design of such 
layouts is affected by so many conditions that only the most general 
suggestions can be given. Review the information on circuits in Div. 3 
of this book. 

Railroad Spur 


Building 

B 



II II 6 &\ I II 

Fig. 125.—Power and current demands in a small town. 


the area to be served is considered as a unit, as it is seldom advisable to 
install more than one service to a building, except that for the different 
buildings of an industrial plant separate services from the plant dis¬ 
tribution system are generally provided for lighting and for power, and 
possibly for emergency or night lighting. Figure 124 shows such a layout 















Div. 7] 


OUTSIDE DISTRIBUTION 


1077 


for an imaginary industrial plant and Fig. 125 for a portion of a town. 
The values within the circles indicate the maximum power demands. 
The figure above the horizontal line is the power demand in kilowatts and 
the one below the line is the current. The power factor must be con¬ 
sidered if the system is to be alternating current. If separate circuits are 
to be maintained for light and for power, which is usual practice, the 
power demand for each circuit should be noted. In the illustrations (Figs. 
124 and 125) it is assumed, for simplicity, that power and lighting devices 
are served from the same circuits. The current is noted in addition to 
the power demand because it is necessary to know the current to deter¬ 
mine the capacities of fuses and switches and to check conductor sizes for 
current-carrying capacity and voltage drops. 

143. Layout of Feeders and Mains.—After the locations of the points 
where energy will be required have been plotted and the amount of power 
that will be required at each has been noted, the feeders and mains can 
be laid out and the conductor sizes for them calculated. No hard and 
fast directions can be given. Each case must be treated individually in 
accordance with the conditions to be satisfied. The following factors 
should be given careful consideration: (1) cost of the conductors and their 
supports; (2) energy loss in the conductors; (3) reliability of operation; 
(4) satisfactory voltage regulation. Sometimes considerable expense is 
justified to secure exceptionally good reliability and close voltage regu¬ 
lation, while in other cases reliability and close voltage regulation are less 
important. Whether the distribution conductors are to be carried 
overhead—on poles or buildings—or underground will affect their 
routing. 

144. The magnitude of load that should be served by one feeder or 
main is altogether a relative matter and depends to an extent upon the 
flexibility of control and of metering desired and on the station capacity. 
In industrial plant installations if it is desired to meter in the generating 
station the energy supplied to different departments or buildings, obvi¬ 
ously an individual circuit must be carried from the switchboard to every 
such building. It should be possible to disconnect portions of the load at 
the powerhouse in case of trouble with the generators or in case a heavy 
load increase is thrown suddenly on the station. In this way an emer¬ 
gency may be met without shutting down the entire plant. In general, 
in a small station, the load on any feeder should not be larger than can 
be readily carried by any one of the generating units, and it is better 
to have the load further subdivided. Usually a load divides itself natu¬ 
rally into convenient units because of the arrangement of buildings, 
groups of buildings, departments, or other topographical or commercial 
considerations. 

145. Mains are sometimes tapered. A tapered main is one in which 
the conductor size diminishes from the point of source of energy outward 
(see Fig. 126). It is usual, and ordinarily the best, practice to use a main 
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of the same size conductor throughout its length. Splices and inter¬ 
mediate cutouts are thereby avoided. Theoretically, a tapenng main, 
assuming a given maximum drop, does not effect a saving in copper as is 
often but erroneously believed. 


Distribution 



\'SOO,OOOCM '"500,000 CM 200,000 CM 

Fig. 126 . —A tapered main. 


146. The calculations of wire sizes for feeders and mains for distribu¬ 
tion installations are made similarly to those for interior circuits. 
Methods and examples of calculation for the different systems are given 
in Div. 3. 

147. Overhead vs. Underground Distribution. —Whether overhead 
or underground distribution should be used depends in the case of small 
or medium-sized installations very largely on how much can be spent for 
appearances. An overhead system, properly installed, can lie made 
thoroughly reliable and will usually cost much less than an equivalent 
underground system. Sometimes in industrial-plant work it is necessary 
to build subways for pipes in any event, and when such subways can 
also be utilized for electrical conductors a low installation cost may be 
possible. 

148. If the distribution conductors are to be carried underground in 

conduit it is necessary to group the runs as far as possible, as suggested in 


Railroad 



Fio. 127.—Conduit system for underground distribution. 


Fig. 127, to ensure minimum cost for excavation and manholes. The 
lines should preferably be run straight between manholes. If curves are 
necessary the offsets from a straight line and the distance between man¬ 
holes should not exceed the values given in the following tables: 
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1 Uanhole^^^~ ^Manhole 


11 Manhole^ —-j A (- B 

H ** ‘B ^ A -*-— [J] Manhole 

Fig. 128.—Offsets for main duct line. (1) Hinkle curve. (II) Reverse curve. 


Cu 


(I) Single cune 



(II) Ke\eise curve 


1 

rve 

B Min 
length 

Max. length L 
between manholes, ft. 

A 

Curve 

B Min. 
length 

Max. length L 
between manholes, ft. 

off wet 

1 

cune, ft. 

| 4 duets 

6-1(5 ductn| 

offset 

curve, ft. 

4 ducts 

6-16 ducts 

0 

1" 

* \ 

1 800 

1 

1 

700 

0' 1" 

r 

800 

700 

O' 

3" 

I io I 

740 

1 650 1 

0' 3" | 

15 

740 

650 

O' 

(>" 

1 Wt , 

085 

600 j 

0' 6" i 

25 

655 

575 

0' 

10" 

•0 

(*40 

500 | 

I'O" 

35 

570 

500 

r 

.1" 

25 

1*00 

| 525 

I 

r o" 

40 

515 

450 

V 

9" 

30 

570 

1 500 

| 2' 0" 

45 

485 

425 

2' 

4" i 

35 

545 

, 475 i 

2' 6" 

50 

455 

400 

a' 

0" 

40 

515 

450 

3' 0" 

55 

435 

380 

3' 

9" 

45 

485 

425 

3' 6" 

60 

420 

365 

4' 

7" 

50 

470 

410 

4' 0" 

65 

400 

350 

r>' 

0" 

55 

1 445 

, 390 

4' 6" 

70 

385 

335 

f/ 

6" 

60 1 

425 

370 

5' 0" 

75 

365 

320 

7' 

6" 

65 1 

400 

1 350 

6' 0" 

80 

345 

300 

8' 

9" 

70 i 

370 

325 

7' 0" 

85 

320 

280 

10' 

0" 

75 1 

1 ! 

345 

| 300 

7' 6" 

90 

310 

270 


149. If the distribution conductors are to be carried overhead, more 
direct routes can be selected, for, with overhead distribution, conductors 
in industrial-plant work can be carried over buildings in the most direct 
routes. 

150. A combination main, feeder, or other circuit is one that serves 
all energy-consuming devices, motors, lights, and minor miscellaneous 
equipment. 

151. An independent main, feeder, or other circuit is one that serves 
only motors and similar equipment or only lighting devices. 

162. Independent vs. Combination Circuits for Lights and for Motors. 
One of the first things to be decided is whether individual circuits from 
the switchboard out will be used for lighting and for motors. It is 
desirable to use independent circuits because it is then possible, at reason¬ 
able expense, to maintain a much closer voltage regulation and hence 
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steadier illumination in the lighting circuits. Furthermore, since 
troubles such as heavy short circuits and grounds occur more often on 
motor circuits than on lighting circuits, the possibility of such troubles 
throwing a building or an area in darkness is minimum with independent 
motor and lighting circuits. 



Fig. 130.—Combination mains serving groups. 

trial plant. A single line represents an entire circuit, two wires for a 
d-c, two-wire circuit; three wires for a three-wire circuit, etc. The 
diagrams apply to any system of distribution. The service wires from 
the distribution circuits enter the buildings and terminate in distribution 
boxes—panel boxes or groups of cutouts. From the distribution boxes 
the interior motor and lighting circuits, which are not shown, are supposed 
to radiate. For information regarding the layout of interior wiring 
circuits, refer to Div. 8 on Interior Wiring. 
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154. A combination main for lighting and motors (Fig. 129) can be 

used where the installation must be of minimum expense. In the illus¬ 
tration a single main, which may be carried underground, on poles, 
or on fixtures attached to the buildings, extends from the switchboard. 
Service connections are tapped from the main for each building or group 
of buildings and are terminated in a distribution box—a panel box or a 
group of porcelain cutout fittings—within the buildings. Since the 
service conductors will be smaller than the main conductors, a cutout and, 
preferably, a switch are inserted in each. The only thing to commend a 
layout like that of Fig. 129 is its low first cost. With such a layout 
the voltage regulation on the lighting circuits is apt to be poor, and a 
ground or short circuit on any circuit may put the entire plant out of 
commission. With this arrangement the station operator has no control 
over the use of the power, and if he wishes to decrease the load on the 
generators by cutting off certain portions of the plant he has no means of 
doing so. It is an example of “all the eggs in one basket.” 

156. Independent mains for lighting and motors (Fig. 131) are some¬ 
times used. This is a better arrangement than that of Fig. 129 in that 



Fig. 131. “Independent main Fig. 132.—Combination mains 
for lighting and one for motors. serving groups. 


the lighting circuits are entirely separate from the motor circuits. But 
if many lights or many motors are served by one main, trouble is apt to 
occur. Furthermore, it is not possible to control the power supply of 
each building from the generating or distributing station. 

166. Combination Mains Serving Groups (Fig. 132).—This is a 
modification of a single combination-main layout and is sometimes used 
and is permissible in certain instances where the installation cost must be 
low. It is better than a single combination-main arrangement, but is 
not very good as no arrangement is good where lights and motors arc 
fed from the same circuit, unless the motor load is relatively unimportant. 
The station operator has some control over his load and the load is 
sufficiently sectionalized so that all “eggs are not in one basket.” Figure 
130 shows another example of combination mains serving groups. 

157. Independent Mains Serving Groups (Fig. 133).—This is a 
fairly good arrangement if the groups are not too large. Its possible 
disadvantages are that with it, it is not feasible to meter the energy to 
each unit in the group at the generating station nor is it possible to dis¬ 
connect each unit from the generating station. These are not always 




Fig. 133.4. —Combination feed- Fig. 134.—Independent feed¬ 
ers foi lighting and motors. ers foi lighting and independent 

feeders for motors. 

carried to the principal buildings, and mains are arranged on the group 
plan to serve the buildings having small loads. 

160. A d-c, two-wire distribution is seldom used for any installation 
except a small industrial plant. The voltage may be either 120 or 240. 
If most of the load is lighting, 120 volts may be used. But, if the load is 
of any consequence, the conductors will be very large for 120 volts; hence 
240 is more often used. The feeders and mains in an industrial plant 
can be laid out in accordance with any of the methods of Figs. 129 to 134, 
but, as outlined in connection with those illustrations, the methods of 
Fig. 133 or 134 are to be preferred. See Sec. 70 of Div. 9 for information 
in regard to the disadvantages of operating incandescent lamps at 240 
volts. 
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161. Direct-current, three-wire distributions are frequently used in 
industrial plants where there are many adjustable-speed motors for 
machine-tool drive and the like. Direct-current, three-wire distributions 
are also still in existence in some municipalities. In either case the 
voltages are almost invariably 115 to 230. The best method for an 
industrial plant is suggested in Fig. 134A, wherein separate feeders are 
carried from the switchboard to each building or group of buildings for 



Station 

Fig. 134^4.—Three-wire distribution. 

lighting and for power service. The lighting feeders are three-wire so 
that the incandescent lamps can be operated at 110 volts. The motor 
feeders are usually 220 volts, two-wire, unless some scheme of motor- 
speed control is used that requires all three wires.' 

162. Single-phase, a-c, high-voltage distributions are seldom used in 
industrial plants but are often used in municipalities. The voltage is 
usually 2,300. In a municipality, a feeder can be installed to serve each 
district (Fig. 135) and an automatic 
potential regulator can, if necessary, be =; 
cut into the feeder and arranged to J 
maintain the voltage constant at the J 
center of distribution. If no regulator 
is used, the feeder might connect into the 
nearest point, as A (Fig. 135), of the 
distribution system. Consumers are A 

served through transformers which Fig. 135.—Primary distribution 
reduce the voltage (see Fig. 136) from * n a muni cipality. 

2,200 to 110 or 110/220, three-wire (see the division on Transformers). 
Small single-phase motors of capacities smaller than, say, 5 hp. may 
practically always be supplied from the same secondary conductors which 
carry the lighting load. But a separate service should, in general, be run 
for motors of capacities greater than, say, 10 hp. As to whether or not 
a separate service should be installed for motors, local conditions should 
govern in each individual case. 

Figure 136 shows methods of serving customers. Single transformers 
are used for detached customers. Where several customers are grouped 
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it is good practice to run a secondary main supplied by one or more 
transformers. Through this arrangement the use of small transformers 
is avoided, and the investment in transformers is decreased. Large 
transformers are more efficient than small ones. 



Fig. 136.—Single-phase, high-voltage distribution. 


Secondary mains are usually made three wire (Fig. 136), and the 
advantages of the three-wire system (see Div. 3) are thereby realized. 



Fig. 137.—An alternating-current secondary network. 


Where the load is dense, the secondary mains may be tied together into 
a network (Fig. 137). Closer regulation and maximum utilization of the 



Fig. 138.—Single-phase distribution in a municipality. 


copper are thereby assured. Such a network is usually 115/230 volts, 
three-wire. Some companies will not employ secondary networks 
because of the difficulty in locating and clearing trouble on them. In 
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modern practice, single-phase generators are seldom built. Alternating- 
current generators are usually three-phase, but feeders may be single¬ 
phase, and they are tapped from three-phase bus bars as suggested in 
Fig. 138. The single-phase loads should be approximately balanced on 
the three phases. 




Fig. 139.—Three-phase individual feeder layout. 


163. Three-phase, low-voltage distribution systems are commonly 
used in medium-sized industrial plants. The voltage is either 120/208 
volts four-wire or 440 volts three-wire. The general trend of practice is 
toward the use of 440 volts where the motor load is large. The 120/208 
volts eliminates the expense of transformers for lighting and does very 
well where the motors are not larger than about 10 or 15 hp. Figures 


!20v. 208v. 



3- wire 4-wire 

lighting lighting 

pane1 panel 


I* 3 <J> 4-wire feeder 

Fig. 140.—Connections for three-phase motor and lighting service. 

139 and 140 illustrate what is probably the best layout for a three-phase 
industrial-plant system. Individual motor feeders operate at either 
208 or 440 volts, and three-wire, single-phase lighting feeders operate 
at 110/220 when supplied from the 440 volts through single-phase 
transformers or at 120/208 volts when supplied direct from the four-wire, 
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208-volt system. Lighting panel boards may be connected either three- 
or four-wire. 

Individual three-phase motors with the 440-volt system are supplied 
at that voltage; small fractional-horsepower, single-phase motors are 
supplied from the lighting system. With the 120/208-volt system, three- 
phase motors are supplied at 208 volts, three wire. Single-phase motors 
are supplied at 120 volts, two-wire. 

Any of the schemes of distribution suggested in Figs. 129 to 134 could 
be used with the three-phase system. The lighting load should be 
reasonably well balanced among the phases. 

164. Three-phase, high-voltage distribution (Fig. 141) is used con¬ 
siderably for municipalities and is probably the best method for average 



conditions. For three-wire, three-phase systems, 2,300 and 13,800 volts 
are employed. Developments are tending toward the use of the higher 
voltage. Where a four-wire, three-phase system is used the voltage 
between outer wires is, approximately, 4,160, but the voltage from any 
one of the outer wires to the neutral wire is 2,400, so standard trans¬ 
formers can be used. Single-phase transformers are used to serve the 
lighting loads. The transformers are so distributed on the three phases 
that the total load on the generator is approximately balanced. The 
secondaries of the lighting transformers are connected as are those of a 
system with single-phase primary conductors and may, as suggested in 
Fig. 136, be either two-wire or three-wire. All three wires of the three- 
phase circuit are not carried to all parts of the district served. Where 
the load is not dense, only two wires—giving a single-phase circuit—are 
used (see Fig. 141). * 

Motors exceeding 5 hp. in capacity should be at least 220 volt and 
three phase rather than single phase, and separate services should be 
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provided for motors exceeding 10 hp. in capacity. The methods of 
connecting transformers served by a three-phase system are given in 
the division on Transformers. It is best practice to provide individual 
feeders and mains for the motor and the lighting loads, but this cannot 
always be done. The three-phase, four-wire distribution system (Fig. 
142) is used in several of the larger cities. Its advantage is that it saves 
copper, as the transmission voltage is 4,160 rather than 2,200. For 
further information see the division on 
Transformers. 

166. Distribution-system Protection 
and Switches. —Distribution circuits 
are protected from ground and short- 
circuit currents by fuses or circuit 
breakers so arranged as to disconnect 
promptly the faulty circuit from its 
source of supply with the least possible 
interruption to other circuits. In order 
to accomplish this result the time lag 
for the different fuses and circuit 
breakers should be so coordinated that 
the unit nearest to the fault will oper¬ 
ate first, the other units not operating 
at all. 

1. Services are protected inside the building b> r fuses or circuit breakers 
at the service entrance. These should have a relatively short time delay. 
On overhead systems, services are not protected at the supply end. On 
underground systems sometimes the services are protected by copper 
fuse links inside a junction box in the distribution box in the street 
where the taps are taken from the main. Where these are used their 
rating should be considerably above the rating of the service-switch 
fuses so that the junction-box links will blow only in the case of a short 
in the service cable itself. 

2. Secondary mains on overhead systems or on radial underground 
systems are usually not protected, because fuses at that point make more 
1 rouble by blowing unnecessarily than the trouble they save. On under¬ 
ground ring or network systems, protection is afforded by circuit breakers 
and relays installed as a unit with the transformer feeding the main and 
called a network protector. The circuit breakers and relays are arranged 
1o open in case of reverse power feeding back through the transformer 
from the main. Sometimes each section of the main is fused with a 
super-lag fuse link at the point where it joins another section, but the 
tendency is to get away from this practice on account of the difficulty in 
re-energizing a network after a general interruption of power due to a 
storm or flood. It is now considered better practice to let a short circuit 
on a main burn itself clear, which it will do in the majority of 
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Fit*. 142.- Three-phase four-wire 
distribution system. 
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without interrupting service to the customers. The main can then be 
replaced later at the convenience of the pow er company and with the least 
interruption of service. 



I-Base II-Plug with link lines. Ill-Complete assembly. 



IV-Safety plug pullei 

Fig 1424 —Insulator-type plug cutout. {General Electric Co ) 



■ /Spnna latch 
- .Knurlerf 
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cartridge 
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-fllp-Gut 

ctev/ce 



.• screw 
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barrier oefmen 
terminals 

^ Wet process 
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ing, brown 
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use Imk 
Thrown 
clear of tube 


Fig. 143.—Dropout fuse cutout. {Line Material Co ) 


3. Transformers on overhead radial systems are protected by fuses on 
the high-voltage side which have a rating of al least 200 per cent of the 
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transformer rating to avoid blowing on reasonable overloads. Some¬ 
times proper fuse coordination will indicate an even larger rating than 
this. Although ordinary fuses enclosed in weatherproof porcelain 
cutouts have been used a great deal, the tendency is toward the use of 



I-Fuse 1 in operating II-Fuse 1 blown. Fuse Ill-Fuse 2 cleared a 
position. Fuse 2 in re- 2 in operating position, second fault. Fuse 3 in 
serve position. Fuse 3 Fuse 3 in reserve. operating position, 

in secondary reserve. 

Fig. 144.—Reclosing fuses. (James R. Kearney Corp .) 



Fig. 145.—Automatic alternating-current network. 


insulator type plug cutouts (Fig. 142A) with link fuses for the lower 
voltages and indicating drop-out fuses (Fig. 143) or reclosing fuses (Fig. 
144) for the higher voltages. The indicating drop-out fuses facilitate 
the work of the service men in locating trouble, and the latter will provide 
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one or two reclosings of the circuit to take care of transient shorts due to 
wires or tree branches blowing in the wind. Typical installations are 
shown in Fig. 58. On underground network systems (Fig. 145) the 
automatic reclosing circuit breakers of the network protector protect the 
transformer. 



1-0pen loop series ciicuit. II-Mixed loop seiies circuit. 

Fio. 146.—Series lighting circuits. 


4. Primary feeders on overhead primary networks are protected by 
reclosing fuses or circuit breakers which rcelose the circuit a few seconds 
after an interruption so as to restore power in those cases where the over¬ 
load has cleared itself by other fuses blowing or by the cause of the short 
(such as tree branches) being removed. The breakers are arranged to 
lock out the circuit after one or two reclosings, in order to avoid unneces- 
Return wire sary feeding into permanent 


Circuit wire 


n r 

t r 

Circuit 
down pole 

.-Film 
, cutout 


$ % k 

I-Straight scries system 


^jrLamp 


Senes 

transformer 


short circuits. 

166. Series circuits (see 
Div. 3 for further informa¬ 
tion) are used for series-light¬ 
ing and for fire-alarm and 
watchman's circuits. 

167. In laying out a series 
circuit the open-loop system 
of distribution (Fig. 146, 1) 
can be used if the circuit 
covers a relatively small area. 
If a large area is covered the 
system suggested in Fig. 146, 
II should be used because 
with it, if an open circuit 
occurs in some section, the 
section can be quickly iso¬ 
lated by throwing the cutout 


Circuit wire section can be quickly iso- 

IT-Series transformer system lated by throwing the cutout 

Fig. 147.—Circuits for series street lighting. switch at the point where the 

section joins the main circuit. Series cutout switches, especially designed, 
can be purchased from electrical supply dealers. Obviously the open- 
loop plan requires a minimum of poles and wire; hence it is the most 
economical to install. When laying out series circuits, consideration 
should be given to future additions of lamps to the series circuit, and the 
circuit should be so routed that they can be included with the least 
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expense. The return wire of the circuit may be carried on the same 
poles with the wire which is connected to the lights, or it may return by 
a different route as illustrated by the different parts of Fig. 146. The 
circuit wire may be carried directly to the sockets of the lamps as shown 
in Fig. 147, T, or a series transformer may be used as in Fig. 147, II, and 
only the secondary circuit of the transformer carried to the lamp sockets. 
With the straight-series system, if a lamp burns out, the disk film cutout 
in the base of the lamp socket (see Div. 9) is punctured by the momentary 
high voltage which is produced when the circuit is interrupted by the 
burning out of the filament. The circuit is thus closed through the 
disk and the burned-out lamp shorted out of the circuit. The dis¬ 
advantages of the straight- 
series system are that the 
lamp socket is subject to the 
high voltage of the circuit 
and the lamp current is 
limited to the one value of 
6.6 amp. This system is 
the common one for over¬ 
head circuits, however. 

With the series-transformer 
system the circuit conti¬ 
nuity is maintained through 
the primaries of the trans¬ 
formers irrespective of 
whether the lamps are 
burned out. The second¬ 
aries of the transformers 
operate at low voltage and 
may be obtained for either 
6.6-, 7.5-, 15-, or 20 amp. 
values. This gives greater 
choice in the use of various 
sizes of lamps. Since the 
lamp circuit operates at low 
voltage, this type is fre¬ 
quently used with underground circuits. The transformer is placed 
in the base of the lamp standard, and the circuit up through the pole need 
not be insulated for high voltage. 

168. Series Circuits on Pole Lines (From report of Committee on 
Overhead Line Construction, National Electric Light Association).— 
Every series circuit should start from station, substation, or other point 
of distribution, on a given pin and crossarm, and follow the same relative 
pin and crossarm throughout its course. Circuits should not jump from 
one location on a crossarm to another location on the same crossarm, 



Fig. 148.—Method of running street-lighting 
circuit down the pole. (Hubbard & Co.) 
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or to a different crossarm, but should always be placed on their proper 
pins. Such a system renders trouble hunting and repair work much 
simpler than they otherwise would be and is the only possible way in 
which circuits can be constructed, maintained, operated, and extended in 
a satisfactory systematic manner. As series incandescent circuits are 
cut dead during the daytime and will not, therefore, hamper linemen 
working on a pole, these circuits can often be run to advantage on the 
pole pins of the crossarm. Such an arrangement is also convenient for 
making lamp loop connections. As it is usual practice to ground all 
constant-current series circuits in the station, these wires should be 
considered as grounded by linemen when working on the poles, this in 
addition to the general rule that all wires should be treated as being alive 
at all times. 

A common method of running a street-lighting circuit down a pole to 
the lamp is shown in Fig. 14S. 

GROUNDING OF SYSTEMS 

169. Grounding of Distribution Circuits. —The National Electrical 
Code requires that on systems supplying interior wiring circuits one wire 
of the circuit shall be grounded, provided that the voltage from any other 
conductor to ground will not exceed 300 volts on d-c systems or 150 volts 
on a-c systems. Grounding helps to prevent accidents to persons and 
damage by fire to property in case of lightning, breakdown between 
primary and secondary windings of the transformers, or accidental 
contact between high-voltage wires and low-voltage wires. If some 
point on the low-voltage circuit is grounded: 

1. Lightning striking the wires will be conducted into the ground. 

2. Breakdown of the transformer insulation between primary and 
secondary coils will reveal itself through blowing of the primary trans¬ 
former fuses if one wire of the primary circuit comes in contact with one 
of the secondary wires. 

170. The value of grounding is illustrated in Fig. 149. One of the 
primary circuit wires is grounded at the transformer. The secondary 
is grounded at the customer's water pipe. An accidental cross between 
ungrounded primary and secondary wires is shown by the dotted line. 
Current will flow through the cross connection, the secondary of the 
transformer, the customer’s water-pipe ground and up the ground con¬ 
nection to the other primary line. The voltage of the secondary wires to 
ground will be increased by the IZ drop through the water-pipe ground. 
A current of 100 amp. times a ground resistance of 2 ohms (there is 
practically no reactance) giving 200 volts would represent very severe 
conditions. This means that the secondary voltage to ground would be 
the normal 110 volts plus the 200 volts, giving 310 volts, which would 
probably not do any damage before the primary protective devices would 
open and break the circuit. This type of accidental cross should open 
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the substation-feeder circuit breaker. If the cross were in the transformer 
itself the primary fuse would open. If, however, there were no ground 
connection, the primary 2,300 volts would be impressed on the secondary 
system, which is insulated for only 250 to 600 volts, and numerous 
insulation breakdowns and considerable damage to equipment would 
occur. Also, there would be extreme danger to human life for anyone 
touching a fixture at such a time. 
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Fig. 149.—Ground connections for interior wiring systems. 


171. High-voltage transmission systems are also frequently grounded 

in order to reduce the voltage to ground and consequently the line insula¬ 
tion required. For example, if a 220-kv., three-phase circuit has the 
windings of the supply transformer connected in Y, with the midpoint 
of the Y grounded, the voltage to ground will be 220 -s- \/3 - 127 kv. 
This reduction of the voltage to ground is of great value in insu¬ 
lating the transformer windings and in the number of insulators required 
for the line supports. At the same time, the advantage of the 220 kv. in 
reducing the line current and line losses is retained. 

172. Ground-wire connections to transformer secondaries should be 
made to the neutral point or wire if one is accessible. Where no neutral 
point is accessible, one side of the secondary circuit may be grounded. 
Figure 150 shows theoretical diagrams of ground connections to trans¬ 
former secondaries, and Fig. 151 illustrates how some of these connections 
are arranged with commercial transformers. The neutral point of each 
transformer feeding a two-phase, four-wire secondary should be grounded 
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unless the motors taking energy from the secondary have interconnected 
windings. Where they are interconnected, the center or neutral point 
of only one transformer is grounded. No primary windings arc shown in 
Figs. 150 and 151. In Fig. 151 the secondary winding of each transformer 
is shown divided into two sections, as it is in commercial transformers. 


Transformer Secondary Windings v 

rfinti) 

■ Ground 

Two-Wire Three-Wire 





Single- Phase. 


Delta Star Open Della 

Three — Pha*t. 


r=tTPi m 


Pour-Wire Three-Wire 

Two — Phase. 

Fig. 150.—Theoretical diagrams of secondary ground connections. 
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-Ground connections to secondaries of commercial transformers. 


173. Ground connections can ho made in many ways. They may be 
made inside buildings by connecting to pipes or may be installed at the 
poles which support the transformers or the secondary networks. Cen¬ 
tral-station practice favors grounds at poles. Figures 152 and 153 show 
the method of making a pole ground used by the Allegheny County Light 
Company. The lower end of the pipe is pointed, the upper end is 
“ tinned” inside, and the wooden plug is inserted in the upper end of the 
pipe in the Company's shop. In making a ground, the pipe is driven 
into the earth next to the pole, and the steel-cable ground conductor, its 
end having been tinned, is soldered into the upper end of the pipe by 
pouring molten solder in around it. An excellent feature of this method 
is that the Ke-in. ground conductor is so strong that it will never bo 
disturbed. It is secured to the pole with pipe straps. (See Fig. 152.) 
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Fig. 152.- Method of ground- Fig. 153. Method of con¬ 
ing secondary circuit. necting cable to pipe. 



Ground Wins Ready for Elevation. Section. 

and Cap. Driving. Completed Joint. 

Fig. 154.— Making connection with ground-pipe cap. 
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The ground-pipe cap illustrated in Fig. 154 is used by several large 
central-station companies for connecting the ground wire to the ground 
pipe. Soldering is not necessary. The cap with the wire in position 
is placed over the top of the pipe and the pipe driven. In driving, the 
wire is firmly wedged between the cap and the pipe. The cap protects 
the top of the pipe. The cap fits J2-U1. pipe or %-in. rod, with a No. 6 
ground wire. Where No. 4 wire is used, it is not necessary to double it. 
Ground pipes must be long enough to reach permanently moist soil, and 

care must be taken in driving not to 
drive them into the pole and thereby 
insulate them. 

Ground rods made of steel pipe with 
copper-welded exterior surface (pointed 
at the bottom Fig. 155) are exten¬ 
sively used. The rod is driven into 
the ground, and the ground wire 
fastened by a clamp near the top of the 
rod. The copper coating provides for 
a good electrical connection and affords 
resistance to corrosion from the 
weather and earth. 

174. Ground wires should be encased 
by wooden molding for a distance of at 
least 7 ft. from the surface, to protect 
against shocks to passersby. Under 
certain conditions of soil moisture, a 
shock can be received from a ground 
wire by a person standing on the 
earth’s surface. The ground pipe 
extends about 1 ft. above ground and 
is not usually protected. Some com¬ 
panies encase the entire length of the ground wire in molding to protect 
the linemen. 

No copper wire smaller than No. 5 should be used for a ground wire, 
and some companies use nothing smaller than No. 4. Copper wire is 
preferable. Bare wire is satisfactory and should be attached to the poles 
with cleats or straps. Staples, although used, should not be. The 
National Electrical Code requirements with respect to size of ground wires 
are given in Div. 8. There should be a ground for each transformer or 
group of transformers, and when transformers feed a network with a 
neutral wire, there should, in addition, be a ground at least every 500 ft. 
The National Electrical Safety Code specifies that all ground pipes shall 
be galvanized and have a minimum nominal diameter of % in. 

175. The National Electrical Safety Code requires that the ground 
resistance must be measured at the time of installing the ground, and 


\ ..Ground wire 
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mushrooming. Copperwe/d 
damps may easily be slipped 
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Fjg. 155.—Ground rod and 
damp. ( CopperweJd Steel Co.) 
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that the ground resistance must not exceed 3 ohms for water-pipe 
grounds and 25 ohms for driven grounds. 

176. To measure the ground resistance, two additional temporary 
grounds, consisting of short rods 2 or 3 ft. long, must be driven in the 


Binding posts of portable 
testing ‘^s^^ument 


A- c supply ) l 

(id c may a/so bwnwa amJ 
be used) 



I- Location of reference grounds for direct IT- Connections for the fall of potential 

reading, single-test method of measuring method of measuring ground resistance 

the resistance of a ground connection 


Fig. 156. — Circuits for measurement of ground resistance. (Copperweld 

Steel Co.) 


ground at least 20 ft. away from the ground being tested (Fig. 156, I). 
A direct-reading instrument called a ground-ohmer or groundometer 
may then be connected to the throe grounds by means of insulated leads. 
A magneto or a battery in the instrument furnishes the necessary power. 
The instrument reads the ground resistance directly in ohms. If a 
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Fig. 157.—Testing giound resistances in paved streets. 
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source of direct or alternating current is available, the resistance may be 
measured by the fall-of-potential method with a voltmeter and ammeter, 
connections for which are shown in Fig. 156, II. The resistance is then 
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177. When testing ground resistance in city streets there may be no 
convenient place to drive the auxiliary grounds. In such a case a fire 
hydrant may be used for the auxiliary ground, or a pad made of several 
thicknesses of heavy cloth about 1 ft. square and saturated with salt 
water may be placed on the sidewalk (Fig. 157). 



Fig. 158.—Effect of diameter of ground rod on ground resistance. ( Copper- 

weld Steel Co.) 

178. Reduction of ground resistance in cases where it exceeds the 
allowable value of 25 ohms may be accomplished in several ways: 

1. Use of a larger diameter ground rod. 

2. Use of a longer ground rod. 

3. Putting two, three, or more rods in parallel. 

4. Chemical treatment of the soil. 



Fig. 159.—Effect of depth of ground rod on ground resistance. ( Copperweld 

Steel Co.) 

179. The effect of the use of a larger diameter rod is shown in Fig. 158. 
It will be noted that increasing the diameter of the ground rod does not 
effect much reduction in resistance, and use of ground rods larger than 
% in. is not recommended. The diameter of the rod should be only large 
enough to permit it to be driven into the soil without bending. 
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180. Long ground rods made in sections coupled together are very 
effective where there is considerable depth of dry sand, and good moist 
soil is many feet underground. Although the 8-ft. minimum depth 
required by the National Electrical Code 
is sufficient for normal soil conditions, ^0 
grounds as deep as 50 ft. have been used 
in very poor soil. The calculated effect 
of the depth of rod on ground resistance g 
is shown in Fig. 159. The curve is for « 
uniform soil at all depths. In practice E 
the soil is always firmer and more moist g ^ 
the deeper the ground, so that the decrease £ 
of resistance with increase of depth is % 
usually greater than is shown by the & 40 
curve. 

181. Using several rods in multiple is a 

very effective means of lowering ground 12 3 4 

resistance as shown in Fig. 160. The Number of rods in multiple 

recommended distance between rods is at Fig. 160.—Effect on ground 

least 6 ft., so that this method is more resistance of placing ground 
applicable to large steel-tower lines and ^ (Copper * 

substation structures than to wood-pole 

lines. Spacing rods as close together as the opposite sides of a wood 
pole is not recommended. 


Copper weld <So// treating material placed in circufar 

ground rod french and covered with earth 



1-Container method II-Trench method 

Fig. 161 . —Methods of soil treatment for loweung of ground resistance. 
(Copperweld Steel Co.) 

182. Chemical treatment of the soil is recommended for reducing 
ground resistance for those cases where the other methods of Secs. 180 
and 181 are not practical. 
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There are two practical ways of accomplishing this result, as shown in 
Fig. 161. In the method of Fig. 161, I, a length of tile pipe is sunk 
in the ground a few inches from the ground rod and filled to within 1 ft. 
or so of the ground level with magnesium sulphate, copper sulphate, or 
common rock salt. The magnesium sulphate is the most common as it 
combines low cost with high electrical conductivity and low corrosive 
effect on the rod. This method is effective where there is limited space 
for soil treating, such as on city streets. The method of Fig. 161, II, is 
applicable where a circular or semicircular trench may be dug around the 
ground rod to hold the chemical. The chemical must be kept several 
inches away from direct contact with the ground rod to avoid corrosion 
of the rod. The first treatment requires 40 to 90 lb. of chemical and will 
retain its effectiveness for 2 to 3 years. Each replenishment of the 
chemical extends the effectiveness for a longer period so that future 
re-treating becomes less and less frequent. When the chemical is first 
installed, it is well to flood the treated area with water so that the chemical 
will diffuse through the soil. Thereafter normal rainfall will usually 
provide the necessary water for carrying the solution into the earth. 
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GENERAL 


1. The National Electrical Code rules, which are the recommendations 
of the National Fire Protection Association, should be followed in 
installing all interior wiring. These rules are revised approximately 
every 2 years so it is inadvisable to include them in entirety in this book. 
A copy of these rules can be obtained by applying to any local fire 
inspection bureau or to the Underwriters’ Laboratories, Chicago, Ill. All 
statements are made in accordance with the 1940 edition of the Code. 
The “National Electrical Code Handbook” by Arthur L. Abbott and 
published by the McGraw-Hill Book Co., Inc., gives the Code rules with 
illustrations and explanations of their application. The author’s “ Wiring 
for Light and Power,” in addition to being a general treatise on the wiring 
of buildings, contains the National Electrical Code and many data in 
explanation thereof. 

2. There are local regulations covering the installation of wiring, in 

force in many localities, which have been enacted by city or state govern¬ 
ments. Sometimes these differ from the Code regulations so it is always 
well to be familiar with all the regulations in force before starting any 
work. The city and state rules are in reality laws and therefore take 
precedence over the National Electrical Code rules which have no legal 
status. 

3. Definitions (National Electrical Code). 

(1) Accessible: Capable of being removed without disturbing the 
building structure or finish. 

(2) Appliance: Appliances are current-consuming equipment, fixed or 
portable; for example, heating, cooking, and small motor-operated 
equipment. 

(3) Approved: Acceptable to the authority enforcing the National 
Electrical Code. 

(4) Concealed: Rendered inaccessible by the structure or finish of the 
building. 

(5) Connector, Pressure (Solderless): A pressure connector is a 
connector in which contact between the conductor and the connector is 
obtained without the use of solder by means of mechanically applied 
pressure. 

(6) Exposed: Accessible; not concealed. 

(7) Fitting: An accessory such as a lock nut, bushing, or other part of a 
wiring system which is intended primarily to perform a mechanical 
rather than an electrical function. 

(8) Garage: A building or portion of a building in which one or more 
self-propelled vehicles carrying volatile, inflammable liquid for fuel or 
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power are kept for use, sale, storage, rental, repair, exhibition, or demon¬ 
strating purposes, and all that portion of a building which is on or below 
the floor or floors on which such vehicles are kept and which is not 
separated therefrom by tight, unpierccd fire walls and fire-resistive 
floors. 

(9) Garage, Commercial: A commercial garage shall be considered as 
any building where self-propelled vehicles are sold or serviced, or where 
three or more such vehicles are stored or serviced for hire or for com¬ 
mercial use. 

(10) Guarded: Covered, shielded, fenced, enclosed, or otherwise 
protected by means of suitable covers or casings, barriers, rails, or 
screens, mats or platforms, to remove the liability of dangerous contact 
or approach by persons or objects to a point of danger. 

(11) Hoistway: A hoistway is any shaftway, hatchway, wellhole, or 
other vertical opening or space in which an elevator or dumb-waiter is 
designed to operate. 

(12) Isolated: Not readily accessible to persons unless special means 
for access are used. 

(13) Location. Dry Location: A location not normally subject to 
dampness or wetness. A location classified as dry may be tempo¬ 
rarily subject to dampness or wetness, as in the case of a building under 
construction. 

Damp Location: A location subject to a moderate degree of moisture, 
such as some basements, some barns, some cold-storage warehouses, and 
the like. 

Wet Location: A location subject to saturation with water or other 
liquids, such as locations exposed to the weather, washrooms in garages, 
and like locations. Installations underground or in concrete slabs or 
masonry in direct contact with the earth shall be considered as wet 
locations. 

(14) Master Service: The service conductors and service equipment 
supplying a group of buildings under one management. 

(16) Multioutlet Assembly: A type of surface metal raceway, designed 
to hold conductors and plug receptacles, assembled in the field or at the 
factory. 

(16) Qualified Person: One familiar with the construction and opera¬ 
tion of the apparatus and the hazards involved. 

(17) Raceway: Any channel for holding wires, cables, or busbars, 
which is designed expressly for, and used solely for, this purpose. 

(18) Readily Accessible: Capable of being reached quickly for opera¬ 
tion, renewal, or inspection, without requiring those to whom ready access 
is requisite to climb over or remove obstacles or to resort to portable 
ladders, chairs, etc. 

(19) Special Permission: The written consent of the authorities 
enforcing the Code. 
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4. Methods of Installing Interior Wiring. 

1. Open wiring: on insulators. 

2. Concealed knob and tube. 

3. Rigid metal conduit. 

4. Flexible metal conduit. 

5. Armored cable. 

6. Surface metal raceways. 

7. Electrical metallic tubing. 

8. Noninetallic-sheathed cable. 

9. Service-entrance cable. 

10. Nonmetallic surface extensions. 

11. Nonmetallic waterproof wiring. 

12. Underfloor raceways. 

13. Underplaster extensions. 

14. Wire ways. 

15. Bus ways. 

16. Cellular-metal-floor raceways. 

17. Bare-conductor feeders. 

18. Multioutlet assemblies. 

6. In the open-wiring method of installing interior wiring the wires are 
run exposed on the ceiling, roof structure, or walls. They are supported 
on porcelain insulators of either the knob (Figs. 167, Div. 4, and 168, 
Div. 4) or the cleat type (Figs. 171 and 172, Div. 4) so as to provide the 
necessary clearance between the wires and the surface wired over. 

6. In the concealed knob and tube method of installing interior wiring 
the wires are run concealed in the hollow spaces between the partitions 
and between the floors and ceilings. Where the wires run parallel to 
construction members such as joists, studding, and beams, they are 
supported on porcelain knobs. Where the wires are run perpendicular 
to the construction members, they are supported and insulated from the 
members by means of porcelain tubes which pass through the members. 
Connections to the wiring for outlets and switches must be made through 
approved outlet boxes (see Figs. 35 to 39). 

7. In the rigid-conduit method of installing interior wiring the wires 
are supported and protected from mechanical injury by being installed 
in special-grade iron pipe, called rigid conduit. The conduit may be 
run exposed, supported from the walls, ceilings, or roof structure, or it 
may be concealed in the partitions and floors. Provision for connection 
to the circuit at outlet and switch points is made by the insertion of 
sheet-steel boxes, cast-iron boxes, or special conduit fittings in the conduit 
run. The special conduit fittings are called by various trade names, such 
as condulets, unilets, or taplets. The conduit and outlet fittings or boxes 
are installed complete without the wires. After the conduit system is 
complete, the wires are pulled through the conduit from fitting to 
fitting. 
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8. The flexible-conduit method of installing interior wiring is similar 
to the rigid-conduit method except that a flexible steel conduit is employed 
instead of the rigid iron conduit. The runs of conduit with their boxes 
and fittings are installed first, and the wires are pulled in from box to 
box at a later date. Provisions for outlet connections are made by 
means of boxes inserted in the conduit runs. 

9. Armored cable consists of rubber-insulated wires protected from 
injury by a flexible steel armor. The wires and their armor are manu¬ 
factured as a unit. The armored-cable method of installing wiring is 
somewhat similar to the flexible-conduit method. In the flexible- 
conduit method the wires and the flexible conduit are entirely separate 
units, the conduit being installed first and the wires pulled in later, while 
with armored cable the wires and their flexible armor are installed as a 
unit. The wires cannot be removed from armored cable without 
destroying the armor. Provision for outlet and switch connections is 
made by the insertion of steel outlet or switch boxes in the cable runs. 

10. In surface metal-raceway wiring the wires are supported in a thin 
sheet-steel casing. The raceway is installed exposed, being mounted 
on the walls or ceiling. The sheet-steel casing, called metal raceway or 
metal molding, is made with a flattened-oval or rectangular cross section. 
Most types of metal molding are made in two parts, a trough or base 
which is fastened to the wall or ceiling and a capping which is snapped 
on the base. After the base has been installed, the wires are laid in the 
trough formed by the base, and the capping is snapped on. One type of 
surface metal raceway, called Wiremold, is manufactured with the cap¬ 
ping crimped on to the base at the factory. With this type the wires 
must be pulled through the raceway from outlet to outlet as in the con¬ 
duit-wiring method. Provisions for outlet or switch connections are made 
by means of special fittings inserted in the runs of molding as required. 

11. In the electrical-metallic-tubing method of installing wiring the 
wires are installed in a thin-walled metallic tube or thin-walled conduit, 
as it is sometimes called. Electrical metallic tubing is similar to rigid 
conduit except that it is constructed of much thinner material. Provi¬ 
sions for connecting outlets and switches to the circuit are made by means 
of special metallic-tubing fittings or by means of regular rigid-conduit 
fittings provided with an adapter. Electrical metallic tubing is made 
with both round and oval cross sections. After the tubing and fittings 
have been installed as a complete system, the wires are pulled in from 
fitting to fitting as in the rigid-conduit method. 

12. Nonmetallic-sheathed cable consists of two or three rubber- 
insulated wires bound together and protected by a cotton-bound paper 
sheath and protected with an outer extra-heavy cotton braid, treated 
with a moisture- and heat-resisting compound. Nonmetaliic cable may 
be run exposed on walls and ceilings or concealed in the hollow spaces 
between partitions or between floors and ceilings. The cable is fastened 
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directly to the surface of the walls, ceilings, or structural members by 
means of metal straps. Provision for outlets and switches is made by 
running the cable into outlet boxes. 

18. Service-entrance cable (see Div. 2) normally is used for the 
circuit from the point of attachment of the service conductors on the 
outside of the building to the service switch, load center, or meter cabinet 
just inside the building. It may, however, also be employed for the 
interior wiring on the load side of the service switch. It is not commonly 
used for general interior wiring, but is used for certain special portions 
of the wiring such as to supply large appliances like an electric range, as 
a feeder to a distribution panel elsewhere in the building, or as a service 
cable to other buildings. When so used all the conductors must be rub¬ 
ber insulated, or if an uninsulated neutral is used the cable must have 
a final nonmetallic outer covering, and the voltage to ground must not 
exceed 150 volts. The cable is fastened to t he surface with straps spaced 
not over 4 ft. 6 in. apart. Provision for outlets is made by the insertion 
of outlet boxes in the cable runs. 

14. A nonmetallic surface extension consists of a two-wire assembly 
fastened to the wood or plaster surface of the wall of a room. This 
system of wiring may be used in residential and office occupancies to 
supply additional convenience outlets in a room which already lias at 
least one convenience outlet wired by some other approved system. 
The power supply must be from an approved fitting plugged into the 
existing outlet. Provision for the additional outlets is made by inserting 
special outlet fittings in the extension-cable assembly. 

15. Nonmetallic waterproof wiring consists of multi-conductor, rubber- 
insulated, rubber-sheathed cable supported on insulators mounted on 
the surface of walls, ceilings, or structural members. Provision for 
outlets is made by running the cable into special outlet fittings, which are 
provided with means for making a watertight connection to the cable. 
This method is used in exposed locations in breweries, ice plants, cold- 
storage warehouses, and similar wet locations where the wiring is sub¬ 
jected to mildly corrosive fumes and vapors and where the voltage does 
not exceed 150 volts to ground or 300 volts between conductors. 

16. In the underfloor-race way method of wiring the wires are installed 
in a sheet-metal or fiber casing, which is embedded in the concrete or 
cement fill of the floor. Generally, the ducts or raceways are laid out 
in the floor to form a network. Provision is made at the intersections 
of the ducts for the pulling in and splicing of wires by means of special 
floor junction boxes. Ducts of the sheet-metal type are provided with 
outlet openings spaced at regular intervals along the raceway. These 
outlet openings are either plugged or equipped with special floor-outlet 
fittings. With the fiber-duct type of raceway the raceway is first 
installed in the floor without any outlet openings. After the floor has 
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been finished, outlets may be provided at any desired point along the 
duct runs by simply cutting a hole in the floor and duct and inserting a 
a special floor-outlet fitting. In the underfloor-raceway systems the 
wires are pulled through the ducts in the same manner as for rigid-conduit 
work. 

17. Underplaster extensions are wiring systems laid in a channel 
cut in the plaster surface of a wall, down to the face of masonry or other 
wall material. Rigid or flexible metal conduit, armored cable, electrical 
metallic tubing, or metal raceways approved for the purpose are laid in 
the channel and secured to the surface of the wall or ceiling structure. 
Provision for outlets is made by inserting shallow outlet boxes in the run 
of conduit, cable, tubbing, or raceway. After the system has been 
secured in the channel, it is plastered over flush with the wall or ceiling 
surface. 

18. In the wireway method of wiring the wires are supported and 
protected in a sheet-metal trough. The sheet-metal trough is installed 
exposed, being mounted on the ceiling or walls, or supported from the 
roof structure. One side of the trough is fitted with a sheet-metal 
hinged cover so that access may be had to the interior of the trough 
throughout its entire length. After the wireway has been installed as a 
complete system, the wires are laid in the trough, and the cover snapped 
shut. Mains and feeders are run in the wireways with taps for branches 
taken off at the most convenient point through rigid or flexible metal 
conduit, connected to the wireway through knockouts provided on the 
three sides of the trough. This system provides a flexible distribution 
system for industrial plants. 

19. Bus-way systems of wiring consist of bare bus bars insulated from 
each other and supported and protected by a sheet-steel housing. The 
housing and bus bars are assembled as a unit at the factory in 10-ft. 
sections. The system is installed by supporting the housing from the 
ceiling, walls, or roof structure. Bus-way systems are extensively used 
for the feeder and main circuits in industrial plants. They are available 
in three general types: without provision for outlets, with provision for 
fixed outlets, and with provision for continuously movable outlets for 
portable tools and electric-welding work. With the type which has 
provision for fixed outlets, openings arc provided every few inches for 
branch taps. The connection of a tap to the bus bars is accomplished 
through the insertion of a special power attachment plug in these open¬ 
ings. For the wiring of the branch circuit from the power plug to the 
apparatus to be supplied with power, flexible conduit, rigid conduit, 
or armored cable may be employed. This method of wiring provides a 
very flexible system which meets in an economical manner the require¬ 
ments of plants where production conditions necessitate the frequent 
shifting or replacement of machinery. 
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20. In the cellular-metal-floor-raceway wiring, the floor is constructed 
of special metal structural members containing hollow spaces or cells 
which form raceways for the wires. Provision for pulling in and splicing 
wires is made by means of locating special junction boxes in the floor 
between sections of the floor members. Outlet openings and fittings 
may be originally provided at regular intervals along the raceway formed 
by the cells, or outlets may be provided at any time after completion of 
the building construction by simply cutting a hole in the floor and cell 
wall and inserting a special floor-outlet fitting. After the complete floor 
structure has been erected and finished over the wires are pulled through 
the raceway formed by the floor cell structure and the junction boxes. 

21. Bare-conductor feeders are allowed only by special permission. 
When allowed, such a feeder installation consists of bare conductors 
supported on noncombustible, nonabsorptive insulating supports and 
enclosed in a chase, channel, or shaft of noncombustible material. 

22. Multioutlet assemblies are a special form of surface metal raceway 
with built-in single receptacle outlets, every few inches. The assembly 
is supported on the surface of walls or in or on top of baseboards. It is 
used for convenience-outlet wiring in dwellings and commercial buildings 
for providing very convenient and adequate convenience outlets. The 
assembly is supplied with power through an armored cable or conduit 
run concealed in the walls and brought into the back of the assembly. 


23. Applications of Different Wiring Methods 



Applications allowed by National Electrical Code 

Method of wiring 

Type of location 
allowed in 

Max. size of wire 
allowed and max. 
allowable voltage 

General field of 
application 

Open wiring, exposed 
on insulators 

i 

: 

Any location except 
in hoistways or haz¬ 
ardous locations 

No restrictions on 
wire, 600 volts 

For motor feeders 
and mains in build¬ 
ings of mill-type 
construction; for in¬ 
stallations where the 
cost of installation 
must be kept as low 
as possible and ap¬ 
pearance is of little 
consequence. Pro¬ 
hibited by many 
local codes for resi¬ 
dential and com¬ 
mercial occupancies 

Concealed knob and 
tube 

Can be used only in 
buildings of non- 
fireproof construc¬ 
tion in non hazard¬ 
ous locations 

No restrictions on 
wire, 600 volts 

Prohibited by local 
rules of most large 
cities; its use should 
be discouraged; used 
in frame houses 
where a low cost 
is necessary 
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Applications of Different Wiring Methods ( Continued ) 



Applications allowed by National Electrical Code 

Method of wiring 

Type of location 
allowed in 

Max. size of wire 
allowed and max. 
allowable voltage 

General field of 
application 

Rigid conduit 

Any installation ei¬ 
ther concealed oi 
exposed 

No restrictions on 
wire or voltage 

Best but most expen¬ 
sive method; used in 
practically all build¬ 
ings of fireproof con¬ 
struction, and in mill- 
type construction 
for lighting and mo¬ 
tor branch circuits 

Flexible conduit 

Any installation ei¬ 
ther concealed or 
exposed, except 
that it should not 
be embedded in 
concrete floois and 
walls or employed 
in hazardous loca¬ 
tions 

No restrictions on 
v\ire, 600 volts 

Principal use is for ex¬ 
tensions to or in con¬ 
junction with rigid- 
conduit systems 
where cramped 
wiring space makes 
it difficult or impos¬ 
sible to install rigid 
conduit; also for 
concealed wiring in 
frame buildings 

Armored cable 

Any dry, nonhaz- 
ardous location 
either exposed or 
concealed where 
surrounding tem¬ 
perature does not 
exceed 120°F.; may 
be run in grooves m 
brick or tile walls 
and concealed in 
plaster finish; for 
damp locations 
must have lead 
sheath under armoi 

No restrictions on 
wire, 600 volts 

Used principally for 
wiring residences, 
small office build¬ 
ings, and stores 

Surface metal race¬ 
ways 

Only in exposed, dr\ , 
and nonhazardous 
locations; cannot be 
used where it will be 
subject to severe 
mechanical injury 
or corrosive vapors 

No. 6 wiie, 600 volts 

Additions to existing 
installations and in 
installations where 
the layout of the cir¬ 
cuits is subject to 
frequent change 
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Applications of Different Wiring Methods (Continued) 


Method of wiring 

Applications allowed by National Electrical Code 

Type of location 
allowed in 

Max. size of wire 
allowed and max. 
allowable voltage 

General field of 
application 

Electrical metallic 
tubing 

May be used either 
exposed or con¬ 
cealed in diy loca¬ 
tions ; may be buried 
in concrete, other 
than cindei con¬ 
crete, or in nmsoni> 
walls if provided 
with watertight fit¬ 
tings. Cannot be 
used wheie it will 
be subject to se- 
\eie mechanical 
injuiy oi to col¬ 
lusive vapois 

No. 0 wire, 000 volts 

Additions to existing 
installations and in 
installations wheie 
the layout of the cir¬ 
cuits is subject to 
fiequent change 

Nonmetallic-sheat li¬ 
ed cable 

May be installed ei¬ 
ther exposed or 
concealed in con¬ 
tinuously diy loca¬ 
tions ; cannot be in¬ 
stalled in masonry, 
concrete, or fill or 
be buried in plaster 

No lent notions on 
wire size, 600 volts 

Used for low-cost in¬ 
stallations in resi¬ 
dences and small 
stole and office 
buildings; used for 
extensions to exist¬ 
ing systems 

Service-entrance 
cable: 

(a) Covered-neu¬ 
tral type 

From service diop to 
meter, to range, to 
other buildings 

! 

No restrictions on 
wire size, 150 volts 
to ground 

Services to residences 
and small stores 
where used in a pro¬ 
tected location 

(6) Armoied 

Any 

No restiictions 

i 

Same as (o) but 
where location is 
not protected 

Nonmetallie mu face 
extensions 

Residential or office, 
exposed dry loca¬ 
tions inside single 
room foi supplying 
convenience outlets. 
Not where subject 
to corrosive vapors 

Not stated but No. 
10 is max. practical 
size, 150 volts 

For houses and offices 
to supply additional 
convenience outlets 
where it is difficult 
to conceal wiling 

Nonmetallie water¬ 
proof 

Exposed wet and 
mildly corrosive va- 
poi locations 

No. 12 min. wire, 
no max. wire size; 

150 vol t* t o ground, 
300 volts between 
conductors 

Breweries, ice plants, 
cold-storage ware¬ 
houses and other 
wet locations 
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Applications of Different Wiring Methods {Continued) 


Method of wiring 

Applications allowed by National Electrical Code 

Type of location 
allowed in 

Max. size of wire 
allowed and max. 
allowable voltage 

General field of 
application 

Underfloor raceways 

May be installed in 
buildings of fire¬ 
proof construction 
in dry locations free 
from corrosive or 
hazardous condi¬ 
tions 

No. 4 wire, 000 volts 

Used principally in 
offioe buildings to 
provide telephone 
and signal outlets 
and outlets for elec¬ 
trical office machines 

Underplaster exten¬ 
sions 

Buildings of fire-re¬ 
sistive construction, 
on face of masonry, 
buried in plastei 
finish 

No wire restrictions 
but practical only 
for small sizes, 600 
volts 

For rewiring where 
circuits cannot be 
fished from outlet to 
outlet 

Wire ways 

May be installed ex¬ 
posed in dry loca¬ 
tions in industrial 
buildings; cannot 
be used where the> 
will be subject to 
severe mechanical 
injury or corrosive 
vapors 

500,000-cir. mil. 
wire, 600 volts 

Used for the distri¬ 
bution of power in 
industrial buildings 
where the machines 
are subject to fre¬ 
quent rearrange¬ 
ment 

Bus ways 

Exposed dry, non- 
hazardous locations 
where not subject 
to mechanical in¬ 
jury or corrosive 
vapors 

No restrictions on 
size of bus (wires 
are not used), 600 
volts 

Used for feeders, 
mains, and risers in 
industrial and office 
buildings 

Cellular-metal-floor 

raceways 

Residential and office 
occupancies 

No. 0 wire, 600 volts 

For office buildings 
and better class resi¬ 
dences to provide a 
flexible system for 
power and signal 
outlets 

Bare-conductor 

feeders 

Buildings of fire-re¬ 
sistive construction 
in channel or shaft, 
dry location not 
subject to corrosive 
vapors 

No restrictions on 
wire size, 600 volts 

For feeders for large 
office buildings 

Multioutlet assem¬ 
blies 

Residential and com¬ 
mercial occupancies 

No. 6 wire 300 volts 

For convenience out¬ 
lets along base¬ 
boards 





24. Approved Locations for Various Wiring Methods 
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86. Approved Types of Conductor Insulations 


Insulation 

Type 

letter 

Max 

operating 

temp. 

Applications allowed 

i 

|J' 

i! 

Concealed knob 
and tube 

Rigid metal 
conduit 

Flexible metal 
conduit 

Surface metal 
raceways 

Electrical metal¬ 
lic tubing 

Underflow 

raceways 

Cellular-metal- 
floor raceways 

Wireways 

1 

Deg. 

C. 

1 

Deg. 

F. 

Code-grade rubber 

R 

60 

122 

✓ 

V 

V 

V 

V 


V 

V 

V 

V 

Performance-grade rubber 

RP 

60 

140 

V 

V 

V 

V 

✓ 

✓ ! 

V 

V 

V 

V 

Heat-resistant rubber 

RH 

76 

167 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

Moisture-resistant rubber 

RW 

60 

122 

V i 


V 

V 







Small-diameter building wire, 
heat-resistant 

RHT 

76 

167 

V 


V 

V 

V 

V 

V 

✓ 

V 


Small-diameter building wire, 
performance 

RPT 

60 

140 



V a 

v/« 







Latex 

RU 

60 

140 



V a 

v/“ 







Synthetic 

i SN 

1 60 

140 




V* 






V a 

Varnished cambric 

V 

85 

185 

V b 


v/* 

V* 


V* 

V* 

V* 

V b 

V 

Asbestos varnished cambric 

AVA 

110 

230 



v/* 

v* 


V b 


V* 

Vh 

V 

Asbestos varnished cambric 

AVB 

90 

194 



v* 

s/ 6 


V b \ 

V* 

V* 

s/ b 

V 

Asbestos varnished cambric 

AVL 

110 

230 



V 

V 


V 

V 

V 



Asbestos synthetic 

SNA 

II 

194 


m 

m 

■ 






V 

Asbestos 

A 

m 

392 

V b 

■ 

1 

i 







Impregnated asbestos 

AI 

125 

257 

V* 

■ 

■ 

■ 







Paper 


* 85 

185 



V* 








Slow-burning 

SB 

90 

194 

V* 










Slow-burning weatherproof 

SBW 

D 

194 

V* 


v f 

Vf 

Vf 

Vf 

v f 

vf 

Vf 


Weatherproof 

WP 

i 

176 

V e 


v f 

Vf 

v f 

v f 

v f 

vf 

Vf 



° For rewiring only 
h Dry locations only 

e Lead-covered, underground. Elsewhere by special permission. 
d Dry locations where ambient temperature exceeds 85°C. For corrosive-vapor locations. 
* By special permisson only. 

f For grounded neutrals for duration of war for systems not over 208v to ground. 
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OPEN WIRING ON INSULATORS 


26. Open wiring on insulators is one of the cheapest methods of 
installing wiring. It finds wide application for temporary installations 
and in factories and mills for the installation of feeder circuits in some 
places where appearance is of little consequence. It is also used for 
running feeders in tunnels and in specially built feeder shafts in fireproof 
buildings. The wires may have rubber-covered, varnished-cambric 
asbestos or a slow-burning or slow-burning-weatherproof insulation. 


,-Screrr or Nail 
3£}sPorce/ain.. 


Heavy Conductor 



Tap Ties 


Twin Knob 
Support 


Note. —Methods of tying shown at I, V, and VI a»c not approved by the 
Code and should not be used except in temporary installations not subject 
to inspection. They should never be used in permanent work. 

Fig. 1. —Methods of attaching to knobs. 


Slow-burning, varnished-cambric or asbestos wire cannot be used in 
cellars, basements, under roofs, or in other places exposed to moisture. 
The wires must be supported at least every 4}^ ft., except in mill build¬ 
ings, where a support on each beam may be approved for wires No. 8 and 
larger if they are separated at least 6 in. The wires must, in dry places, 
be separated in. from the surface wired over and spaced in. apart 
for voltages up to 300. Above 300 volts and up to 600 volts, the wires 
must be separated from the surface wired over by at least 1 in. and must 
be spaced 4 in. apart. In wet places, wires must be at least 1 in. from 
surface wired over, for all voltages. 

27. Knobs and Methods of Supporting Conductors on Them.—Knobs 
for supporting conductors in interior work are of porcelain. Split knobs 
or cleats must be used for supporting conductors smaller than No. 8 
Brown and Sharpe gage. Some methods of securing wires to knobs are 
shown in Fig. 1. The line tie of I is made by winding the conductor 
once around the knob, so both ends of the wire must be under tension to 
hold the wire in position. A tie wire is used at II. In making up the 
tie wire the slack can be drawn out of the conductor. A dead end or 
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termination is shown at III. Where it is necessary to change the direc¬ 
tion of a run to get the conductor to an outlet or for any other reason, 
tap ties IV, V and VI are used. It is not practicable to tie large con¬ 
ductors, so they may be supported 
as at VII. 

For a discussion of types of 
knobs see Div. 4. 

28. Tie wires must have an 
insulation equal to that of the 
conductors they confine and may 
be used in connection with solid 
knobs for the support of wires of 
size No. 8 or larger. 

29. The method of dead ending on a cleat at the end of a run is illus¬ 
trated in Fig. 2. After the wire is passed through the groove the free 
end is given several short turns around the line. Where a long run is 
dead-ended it is often advisable to fasten two sets of cleats in such a way 
that one bears against the other so that both will assume the strain as 
shown at II. For types and dimensions of cleats see Div. 4. 



i” a 


Fig. 2. —Dead-ending on cleats 



To allow for thickness ofnasherl 
and taking vp of slack -—■» 

IKWrth Cable Clamp 


Attachment 
to Angler - 

E-Wi+h Turn buckle 


Fig. 3.—Methods of teinimating conduetois 


30. Methods of Terminating Heavy Conductors. —At the ends of all 
important open-wire runs of wires larger than, say, No. 8, strain insu¬ 
lators engaging in some wire-tightening device should be used. Figure 3 
illustrates some methods. Either tightening bolts or tumbuckles can be 
used. The insulator may be of the type extensively used in trolley-lme 
construction as in I, II, and III, or it may be a heavy knob (IV) held to 
the tightening device with stout wire. Where a run changes direction 
a cable clamp (see Index for a further description) can often be used with 
economy, particularly with large conductors. Where a cable clamp is 
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used, it is unnecessary to cut the conductor to change its direction, and 
the necessity of making up turns about the line wire as in I and II is 
eliminated. 

. Floor 


Conductors , 




prop Light. 


Fig. 4.—Open-work wiring in a mill building. 

31. The different approved methods of exposed surface wiring as 

arranged in a building of mill construction are illustrated in Fig. 4. 
Which method should be used in any particular case is a matter that is 
largely determined by the size of the wire involved and other local 
conditions. 


Conductors 


Must be as high 
'as insulators 


. . . Must be as high 

Conductors ,. (as Insulators 



CuardStnps 

Fig. 5.—Guard strips to 
protect open wiring crossing 
ceiling joists. 


Guard Strips 
Fig. 6.—Running board 
with guard strips to protect 
open wiring crossing ceiling 
joists. 


32. Mechanical Protection of Exposed Surface Wiring.—The wires 
must be protected on side walls from mechanical injury and, when 
crossing floor timbers in cellars or in rooms where they might be dis¬ 
turbed, must be protected by guard strips or running board and guard 
Btrips as shown in Figs. 5 and 6. The guard strips must be at least 
% in. thick and at least as high as the insulators. Where a running 




























Div. 8] 


INTERIOR WIRING 


1117 


board is used, it must be at least in. thick and must extend at least 
1 in. outside the conductors but not more than 2 in. The wires should 
also be protected by porcelain tubes when passing over pipes (Fig. 7) 
or any other members. 



Fig. 7. —Protection of conductor passing over pipe. 



X. I. IE. 

Fig. 8.—Open work wiring with knobs. 


33. Methods of carrying exposed wiring around and through beams 

are illustrated in Fig. 4, which shows the tube-and-cleat arrangements. 
In Fig. 8 are shown some methods that can be used when wires are sup¬ 
ported on knobs. 

34. In steel mill buildings heavy conductors may be carried on the 

lower chords of the roof trusses (Fig. 9). This is a good location as the 



Fig. 9.—Conductors carried on roof truss. 


conductors are out of the way and not apt to be disturbed. At each 
truss the conductors can be supported by one of the methods illustrated 
in Fig. 10. With the method of Fig. 10, I, the conductor merely rests in 
the insulator, and the entire longitudinal strain is taken by strain insu¬ 
lators attached to tightening bolts or turnbuckles at the ends of the run. 
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This method has the disadvantage that if the conductor breaks at any 
point or is burnt in two it will fall to the floor. The tie-wire method of 
II is seldom used, though it is satisfactory if cleats arc not obtainable. 
(Split knobs or cleats must be used for conductors smaller than No. 8.) 
The cleat and through-bolt method of 111 is probably the best, all things 
considered. After the conductor has been drawn taut with the tighten- 


Krtob 



Leather- 
p-Bolts^JMasher 


.Knob 


''Nutand iktsher> 
1 Withy "Bolt 



JvWire , 
'hsr 

— \Conductwh\ 


Leather .... 


\ C/eat 




I With Through BoVV I Cleat and Through Bolts 
Fio. 10.—Attaching knobs to truss chords. 


ing bolts at the ends of the run the cleat bolts are tightened, and each 
cleat then assumes its share of the stress. Tie wires, which are unreli¬ 
able and may cut into the insulation of the conductor, are unnecessary. 
Leather washers should be used between the insulator and bolt to prevent 
breakage. 

35. For supporting conductors on steel angles the Universal insulator 
Support (Figs. 11 and 12 and Table 36) is a convenient fitting. It is of 



Fig. 11. Fig. 12. 

Fig. 11. Universal Insulator Supports on an angle. (Note that split knobs 
must ho used whore conductors smaller than No. 8 are to bo supported.) 

Fig. 12.—The Universal Insulator Support. 


malleable iron and can be clamped on the flanges of steel beams, angles, 
channels, Z bars, and on round, square, and flat bars. It can also be 
attached to gas and water pipes and to the edges of plates and tanks. 
Two insulators can be fastened to each support when necessary. Cup- 
pointed, casehardened set-screws are used. Leather washers should be 
used under the bolts that hold the insulators. 
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36. Dimensions of Universal Insulator Supports 

(Steel City Electric Co., Pittsburgh, Pa.) 


A, 

size, 

m. 

Tor 

insulators, 

Nos 

B 

in 

c, 

in 

D, 

in 

E, 

m 

F, 

m 

0, 

in 

H , 

in. 

1 

/, diam. 
of tapped 
hole 

J, diam 
of set-screw 
furnished 

1 

5, *h 

1 X 

X 

X 

1^16 

Me 

X 

X 

X 

Ms 

lh 

10 4, 4M 

IX 

1 X 

X 

1 X 


X 

X 

He 

Ke 

2 

1, 3. 3 W G., 3>2, 24 

2 

1 

1 

2 

l 

1 

X 

X 

X 

2>£ 

25, 20, 34 

2M 

1*1 

1>4 

2X 

l« 

IX 

X 

Vi 

% 


37. For supporting conductors on steel columns a wooden baseboard 
for the cleats clamped to the column w it h hook bolts (Fig. 13) is a good 
arrangement. The board must 
be cut out in back for the 
nvetheads in the column. 

Strap-iron cleats through which 
the hook bolts pass prevent 
warping and splitting. 

38. Wire racks are used to 
support conductors, principally 
heavy ones, where there are 
many conductors in the run. 

The conductors should have 
flameproof or slow-burning 
covering. A wire rack can be 
made of wood fashioned into a 
framework somewhat along the 
lines of the steel ones of Figs. 14 and 15. The cleats insulating the con¬ 
ductors are held to the frame with wood screws or, preferably, with machine 
or stove bolts. A commercial wire rack with a cast-iron base that can be 
bolted to any surface is show n in Fig. 16. Generally a steel-frame rack is 

Surface 


Fig. 14.—Angle-iron 

preferable to a wooden one. The rack of steel angles of Fig. 14 was 
designed for installation in the top of a pipe tunnel. The insulators are 
held to the cross angles with bolts with a leather washer under the head 



rack for conductors. 



I ^Washer 



Front Elevation Side Elevation 

Fig. 13.—Attachment of wiring board 
to column. 














n nf 

Fig. 15.—Rack composed of angles and 
strap iron. 


Iron Base 
Fig. 16.- -A com¬ 
mercial insulator 
i ark. 


can each be formed of two iron straps as at 1. With the two-strap 

method, drilling for the cleat 

S OanartH groo ve castmbeom^ boltg unnecessary, and the 

• n „ \ - cleats can be shifted along the 

Bolt \. . . , . , ... 

. 7 -.U 1 = T T : '-"' r f arm m ^° an y desired position 

strap "r $ ** i ^ and there clamped fast. Strain 

„ "'""Wood deaf f’UJinsulators engaging in turn- 

2 Cleats buckles or tightening bolts 

Fig. 17. — Supports for open wiring on a should be used at the ends of 
concrete beam. each straight run to assume the 

strain and to provide for tightening, or else the arms and cleats at the run 
ends should be reinforced to assume the stress that will come on them. 


Slanting Top 


[Porcelain I 


t n Air space 
around wires 

I-Wooden Boxing 





Porcelain Bushings^ 


E-Iron Pipe 


H-Alter native 
Outlets 


Fig. 18.—Protection of conductors on side walls. 

39. A method of supporting open wiring in concrete buildings is 

shown in Fig. 17. A round groove of %-in. radius is cast in the faces of 
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the beams, by having %-in., half-round molding nailed in the forms. 
Wrought-iron yokes are bent to fit the grooves as shown, and J^-in. bolts 
clamp them in position. _ 

Wooden blocks or sections of i 1 \ 1 

strap or angle iron can be bolted ^_ f 

to the yokes for supporting the ~ 

40. Suitable protection on Pip* 

side walls should extend not less WHh Hon-Continuous Tubes WHiConfinuousTiibe 
than 7 ft. from the floor (Fig. Fig. 19.— Protection through walls and 
18). This may consist of sub- partitions, 

stantial boxing, providing an air space of 1 in. around the conductors, 
dosed at the top (the wires passing through porcelain-bushed holes) or 





Bottom View Bottom View 

I Incorrect E Correct 

Fig. 20.— Methods of placing protecting tubes. 

a conduit with condulets on each end providing individual bushed holes 
for each wire (Fig. 18, II). 

41. Where conductors pass through floors, 

7 ^ \-walls, or partitions, they must always be pro- 

^Lcountersvnk ]@ tectcd. Open-work wires can be protected 
Holes with porcelain tubes (Fig. 19). The tube or 

bushing must be long enough to bush the 
- 1 entire length of the hole in one continuous 

« piece, or else the hole must first be bushed by 
a continuous waterproof tube. This tube may 
be a conductor, such as iron pipe, but in that 
case an insulating bushing must be pushed 
into each end of it, extending far enough to 
keep the wire absolutely out of contact with 
the pipe. 

conductor--' 42. A tube for protecting a wire where it 

Fm ^-A cleat rosette. cro88es another wire ahou,d alwa y s beso placed 
that the tube will not force the unprotected 
wire against the surface supporting the conductors. The tube should 
always be on the inner wire (Fig. 20). If placed on the outer wire, 


\J crew Holes 


Conductor-''' 
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the tube may force the unprotected wire against the surface as shown 
in Fig. 20, I. 

43. Where conductors cross damp pipes they should be carried over 



Self - Tying 
Type. 


Simple 

Type. 


Fig. 22.—Ceiling buttons. 


rather than under, so that drip¬ 
pings will not strike the wires. 
Porcelain tubes, securely taped 
to the conductors, should be 
placed on the conductors over 
the point where they cross. 

44. Rosettes for open surface 
wiring are used to connect the 
drop cords for the incandescent 


lamps to the branch circuits. A rosette with protected (concealed) con¬ 


tact lugs is preferable to one with exposed lugs. Figure 21 shows one 


good type. Another good method of supporting drop cords, particularly 


where there is vibration, is 
with the ceiling button 
illustrated in Fig. 22. 

45. Switches can be sup¬ 
ported in exposed surface 
wiring as shown in Fig. 23. 
The switch can be mounted 
on a commercial porcelain 
switch block. 

46. Sockets for damp 



Fig. 23.—Supporting switches in exposed 
surface wiring. 


places should be of porcelain and hard rubber, or composition weather¬ 
proof, or, as they are sometimes called, “waterproof” (Fig. 24). Unless 
made up on fixtures they should be hung by separate-stranded, rubber- 
insulated wires, not smaller than No. 14 Brown and 



Fig. 24.—Weather¬ 


proof socket. 


Sharpe gage, which should preferably be twisted 
together when the pendant is over 3 ft. long. The 
leads furnished in weatherproof sockets are 6 or 8 
in. long, but longer ones can be supplied on special 
order. The socket leads must be soldered direct to 
the circuit wires but supported independently of 
them. Figure 25 shows a short drop, and Fig. 26 a 
long one; both figures illustrate the method of using 
cleats to remove the stress from the line conductors. 
Waterproof sockets are always keyless. Porcelain 
sockets are easily broken; hence, although their use 
is not formally approved by the Underwriters, brass- 
shell sockets thoroughly taped and coated with 


waterproof paint are sometimes used. Where not apt to be broken, por¬ 
celain sockets are the best. 




f Socket r || 

Weatherproofs , 

Socket ^ 

|-TwO Cleat Support I-SplitKnob Support 

Fig. 25.—Short weatherproof pendant. 

on porcelain knobs. The rubber-insulated leads extend 6 or 8 in. from 
the body. The leads must be soldered directly to ^ . 

the line wires, and the joint must be well taped. 

48. Wiring troughs are sometimes used in damp 
places (Fig. 28). The troughs protect the con- — ( T 
ductors from drippings but not from water that U 

condenses on them out of the atmosphere. In H 

assembling wiring troughs, abutting edges should be J? 

coated with tar or with a thick waterproof paint. 

Screws smeared with paint should be used to hold 1| Tmsted 

the pieces together, and the screw heads should be ^ Conductors 

painted. A wiring trough in addition to keeping Socket fjjj 
drippings from the conductors constitutes a 
mechanical protection for the conductors. The /yl 

wiring trough serves the same purpose as a running ^ 

board in this respect. F 1 * 1 - 26. — Long 

49. Porcelain or glass petticoat insulators prob- weatherproof pend- 
ably form the best support for wiring in damp 

places. These are the same insulators that are used on outdoor pole 
lines. There is apt to be considerable electrical leakage in damp places 


. Contact Sheth^ 


Fig. 26.—Long 
weatherproof pend¬ 
ant. 


Seretr 




I V r ffl 

Fig. 27.—Receptacles for damp places. 
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with ordinary knobs and cleats, and the long creepage distance provided 
by petticoat insulators constitutes good protection against this. The 
insulators are supported on thoroughly painted wooden pins or brackets, 
which are held by small crossarms (Fig. 29). In no case should the 
insulator be mounted upside down. Glass or porcelain knobs, mounted 
on a small crossarm, are sometimes used instead of insulators but are not 
so good from an insulation standpoint. The advantage of mounting 
them on the arm is that an ample separation from the surface wired over 
is thus provided. The crossarm and support should be thoroughly 
painted with a waterproof paint or tar. 


Fig. 28.—Wiring troughs. Fig. 29.—Ciossarm support. 

50. Joints and splices in damp places must be soldered with great 
care and should be thoroughly taped. A thorough painting of the tape 
wrapping with a waterproof compound, asphalt, or tar will protect against 
the entrance of moisture. Splices should be avoided in damp places, 
but, where necessary, they should be located at some distance from a 
point of support, because the insulation resistance of the insulation 
around a splice is less than that of an equal length of perfect wire. 

61. Entering Damp or Wet Locations (National Electrical Code).— 
Conductors entering or leaving damp or wet locations shall have drip 
loops formed on them and shall then pass upward and inward from the 
outside of buildings, or from the damp or wet location, through noncom¬ 
bustible, non-absorptive tubes. 

CONCEALED KNOB AND TUBE WIRING 

52. Concealed knob and tube wiring was used extensively at one 
time for the wiring of frame buildings where a low-cost installation 
was essential. It is still allowed by the National Electrical Code but is 
prohibited by most city codes. It is largely being superseded for low- 
cost installations by the nonmetallic-sheathed cable. It is recommended 
that the following information be used only for modifications in existing 
installations and not for new installations. 

63. The wires are run just after the floors and studding are in place 
and before the lathing is done. This principal part of the work is called 
the “roughing in” and comprises the installation of the mains and the 
branches and the taps to the outlets. Frequently the basement wiring 
is not done until the building is practically completed. The “finishing,” 
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i: Studs- 




which comprises the installation of the switches, fixtures, meter board, 
distributing panels, etc., is not usually done until the building is otherwise 
completed. 

64. Wire and tie wires for concealed knob and tube wiring must have 
an approved rubber insulation 
but may be single braid. Tie 
wires should have an insulation 
equal to that of the conductors 
they support and must not be 
smaller than No. 14. (Tie wires 
are not permitted for conductors 
smaller than No. 8 Brown and 
Sharpe gage. Where conduc¬ 
tors smaller than No. 8 are used 
they must be supported on split 
knobs.) 

66. In making joints and 
splices in concealed knob and 
tube work, a serving of rubber 
tape and then one of friction tape 
are made around the splice. 

Inasmuch as most of the joints 
are inaccessible after the com¬ 
pletion of the building, they 
should be very carefully made. 

66. Wires must be supported 
in knob and tube wiring by 
approved porcelain knobs, which 
separate the wires at least 1 in. 
from the surface wired over. The wires must be maintained at least 5 in. 
apart and when possible should be run (Fig. 30) on separate timbers and 
studding. Knobs are located at least every 4 ft. where the wire run is 
parallel to the supporting timber. Where it is impossible to maintain the 

5-in. separation, the wires can be run closer together, 
provided each is encased in a continuous length of 
flexible tubing or, as it is often termed, “loom.” 
When passing through floors, walls, etc., the wires 
must be protected by glass or porcelain tubes, as 
outlined in Fig. 30. Flexible tubing may in dry 
places be used to insulate the wires where projecting 
members of the building interfere with them. Porcelain tubes should be 
used where the wires cross each other or pipes (Fig. 31). 

67. Where circuits cannot be supported on porcelain or glass, in knob 
and tube work, approved metal conduit or approved armored cable 
must be used, except that for voltages of less than 300 where the wires 



Floors* f T . t inn 

Fig. 30.—Knob-and-tubc vertical run. 


Tube 


KnAh* ''Tape 


Kndbs 

ftp**. 

Fig. 31. — Wire 
crossing pipe. 
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are not exposed to moisture they may he fished from outlet to outlet on 
the loop system if each is encased throughout in continuous lengths of 
approved flexible tubing. 

58. In wiring in thin partitions where there will not be at least 1 in. 
clear space between the surface of the wires and the plaster that oozes 
between the laths, the wires must be encased in loom (flexible tubing). 
This construction is required in the so-called 2-in. partitions. 

59. Knobs for knob and tube work are of either the solid type (Fig. 
169, Div. 4) or the split type (Figs. 167 and 168, Div. 4). Split knobs 
are required for conductors smaller than No. 8 and may be used for larger 
conductors. Solid knobs are permitted only for No. 8 and larger con¬ 
ductors. A knob must provide at least a 1-in. separation from the surface 
wired over. (See Sec. 100, Div. 4, for further information about knobs.) 

60. Porcelain tubes provide insulation where the wires are carried 
through joists. (See Secs. 103 and 104, Div. 4 for further information 


Floor 



on tubes.) The holes for the tubes should preferably be slightly smaller 
than the tubes (Fig. 32) so that the tubes when driven home with a 
block of wood will stay in place. The holes for tubes for small wires 
should be pitched, as this tends to retain the tubes in position in the 
timber. A long bit, the shank of which when in use rests on the joist 
next to the one being bored, is the best tool for boring pitched holes for 
tubes. Tubes should always be so placed in pitched holes that their 
enlarged ends will be at the top, as at I, Fig. 32, which will prevent their 
falling through. Never place tubes as at II, because when the wire 
loosens, as it will in old installations, they will fall out. For heavy 
conductors the tube holes should be bored with a beam-boring machine, 
at right angles to the beam. If they are not, it is difficult to pull in the 
wire, and tube breakages will result. About 10 per cent more wire 
is required where conductors are zigzagged through timbers than w'hen 
they are carried straight through. 

61. Porcelain tubes must be used on wires at the bottoms of plastered 
partitions (Fig. 30), an additional tube being placed where the wires 
pass through the sill or floor to protect from plaster droppings. The 
tubes must extend to at least 4 in. above the timber. The knobs on 
either side of the tube must be so arranged that no strain that might tend 
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to break the tubes can come on them. Figure 31 shows how a wire 
crossing a pipe should be protected by a porcelain tube. 


62. Properties of Flexible Tubing or Loom 


A, inside 

B, outside diam., in. 


Largest wire, 

Weight, 

diam., 

in. 

In decimals 

To nearest 
64 in. 

It. per coil 

1 

B. & S. or 
cir. mils 

i 

lb. per 
1,000 ft. 

A 2 

0.46 

1S 32 

250 

No. 14 

50 

X 

0.50 

l 2 

250 

No. 14 

58 

H 

0.65 

2l A2 

250 

No. 12 

75 

K 

0.78 

2 %a 

200 

No. 8 

90 

H 

0.08 

'Hi 

200 

. 

No. 4 

120 

H 

1.06 

Vie 

150 

No. 2 

196 

1 

1.31 

i-Hs 

100 

No. 2/0 

250 

Vi 

1.63 


100 

200,000 

400 

1 la 

1 88 

1*^4 

Odd lengths 

400,000 

480 

m 

2 25 


Odd lengths 

600,000 

590 

2 

2 63 

2*Ve 4 

Odd lengths 

800,000 

800 

| 

2 81 


Odd lengths 1 

I 

1,100,000 

810 



should bo used at distributing center, switch, fixture, and similar outlets 
and at all points where the wires cannot be separated from one another, 
or from the surface wired over, by the distances specified for unprotected 
wire. The flexible tubing or loom must encase each wire from the last 
porcelain support (knob or tube), to the outlet box and must extend into 
the box. The tubing must be firmly secured in position in outlet and 
switch boxes by some approved device that may or may not be a part of 




1128 AMERICAN ELECTRICIANS' HANDBOOK [Div. 8 

the box. See Fig. 33 for a flexible-tubing bushing designed for this 
purpose. 

The bushing shown in Fig. 33 grips the tubing, and the pressure of the 
knockout holds the bushing securely to the tubing. The bushing is 
installed by slipping it over the tubing to the desired position and then 
forcing it into the knockout in the outlet or switch box. Not only does 
the bushing hold the tubing in place but it also fills the space around the 
tubing, thus preventing the entrance of plaster and dirt into the box. 

64. Flexible tubing or “loom” (Fig. 34) is used mostly in connection 
with open wiring and concealed knob and tube wiring. It finds applica¬ 
tion in mixed wiring, where short sections of rigid conduit are installed, 
being used as additional insulation and protection for the entire length 
of conductor within the rigid conduit. When metal outlet boxes or 
switch boxes are used, flexible tubing is required from the last porcelain 
support, extending into the outlet box at least 1 in. and held in place by 
an approved fitting such as a universal bushing or a clamp. It need 
not be fastened securely into a wooden cabinet, but a porcelain bushing 


•FfbiKm /c Thho 



Fig. 34.—Flexible tubing. 

such as a federal bushing is generally used to keep out dust and make a 
tight fit. Another application for flexible tubing is in buildings already 
completed where the wires are fished in between the walls and ceilings. 
The tubing is used as a covering on such wires separately encased. In 
concealed knob and tube work it is frequently impracticable to place 
wires 3 in. apart and 1 in. from the surface wired over as required by the 
National Electrical Code, and in such cases the wires must be separately 
encased in flexible tubing. In open wiring where the amount of separa¬ 
tion required by the Code from the surface wired over cannot be main¬ 
tained, the wires may also be encased in flexible tubing. 

The following is a list of places where flexible tubing is applicable: 
in open work where wires are exposed nearer each other than in.; 
on wires crossing other wires; on wires crossing gas pipes, water pipes, 
iron beams, woodwork, brick, or stone; on wires at chandeliers and 
bracket outlets; on gas pipe back of insulating joints; on wires under the 
edges of canopies; and at distributing centers or where space is limited 
and the 3-in. separation required cannot be maintained, each wire must 
be separately encased in a continuous length of flexible tubing. In many 
other places flexible tubing is employed as an added protection to wires; 
as, for instance, on portable wires around machinery where it is apt to 
become saturated with oil, and in show windows, etc., where added 
protection although not required is often desirable. 



Fig. 35.—Knob-and-tube outlet for an electric fixture. 


etc. It must be used on the loop system and be continuous from outlet 
to outlet. It must not be installed in damp places or in any way subject 
to moisture (such as being placed in contact with damp mortar, plaster, 



n-Ceiling Outlet 

Fig. 3G —Ceiling outlet suppoi ted from gas pipe. 

etc). Duplex wires are not permitted m flexible tubing, although 
single-braided conductors are allowed. 

Only continuous lengths of flexible tubing can be used for wire protec¬ 
tion at outlets. It is inadvisable and 
poor practice to slip several short 
lengths of tubing over the conductor, 
because they are apt to separate, 
leaving the wire unprotected. The 
conductors should, after the tubing is 
slipped over them, be twisted together 
outside the outlet to prevent the tubing 
from slipping off. Fig. 37.—Outlet box supported 

66. Fixture outlets are shown in by means of iron bar between 
Figs. 35 and 36. For an electric fixture Blectric Pr °- 

a cleat, t.e., a piece of board at least % 

in. thick (Fig. 35) into which the wood screws supporting the outlet box 
can turn, should be nailed between the joists or studs. Holes are bored 
through the cleat, through which the loom can pass. The loom must be 
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held in the box with an approved clamp or bushing (Fig. 33). Where a 
gas pipe is available, it may be used as a support for the fixture (Fig. 36). 
Sometimes, particularly for heavy fixtures, a pipe fixture hanger, similar to 
the gas pipe in Fig. 36, is required. An iron outlet box bar (Figs. 37 and 
38) may be used in place of a wooden block for supporting fixtures. 


Different types of iron bars for supporting 
outlet boxes may be obtained from most 

« oe , of the manufacturers of outlet boxes. 

Iiu. 38.—Four in. by one A . 

and one-half in. box on Bendit ( Kefer to Div. 4 for representative types 
bar installed in a thin parti- and their application.) 
tion. (National Electric Pro- 66. In wiring for switches, loom must 
ducts Corp.) be used on the conductor ends from the 

last porcelain support (Fig. 39), the same as on conductor ends for other 
outlets. An oblong sectional switch box (Table 3, Div. 4) should be used 
to encase the switch at all switch outlets. A ^-in. wood cleat or cleats 
are arranged to support the switch box. These wooden cleats should not 



Front of Box Should 
? Extend AboutBeyond 
\ face of Studs 


Steel Bo* 



K 3ax Extends i"beyond Face Of i“Cfeat 


Fig. 39. —Switch and receptacle outlets. Baseboard outlet boxes B and 
B should extend out 1% in. beyond face of stud, instead of % in. as shown 
at AA, which is for wall outlets. 


be set out flush with the outer edges of the studs but should be set about 
% in. back to allow a space in which the plaster can take a grip. 

67. Steel switch boxes for flush switches in knob and tube work are 
formed from sheet steel, as shown in Table 3, Div. 4. A single-switch 
box can be expanded into one for any number of switches by using the 
proper number of spacers. Single- and double-switch boxes can be 
supplied already assembled and are used where feasible, because it is 
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cheaper to buy them this way than to assemble them on the job. Holes 
partially punched, which can be knocked out with a hammer blow, 
are provided in the sides and back through which the flexible-conduit 
wire protection can be extended. Boxes which are adaptable for either 
knob and tube (flexible tubing or loom) or wrought-iron-conduit work 
can be purchased. Boxes which have adjustable supporting lugs, so 
the box can be moved in and out in relation to them to provide for 
adjustment to the surface of the plaster, are preferable. 

68. Nonmetallic outlet boxes (see Sec. 167) may be used instead of 
the metal ones. The conductors must enter the box through individual 
holes. 

69. Thermal Insulation in Walls (National Electrical Code).—If 
thermal insulation is used in the hollow spaces of walls and ceilings in 
which concealed knob and tube work is installed, only approved non- 
corrosive, noncombustible, nonconducting thermal-insulation materials 
shall be used, and these shall be applied in a manner not liable to place 
a strain upon the conductors or supports. 

70. When conductors are run in unfinished attics and roof spaces they 
must be protected on the side walls as explained for open wiring in Sec. 40. 
When carried through bored holes in rafters within 7 ft. from the floor 
they must be protected by running boards (see Sec. 32). 

71. When changing from open wiring or concealed knob and tube 
wiring to conduit, electrical-metallic-tubing, nonmetallic-sheathed-cable, 
armored-cable, or surface-metal-raceway wiring, a fitting or outlet box 
having a separately bushed hole for each conductor must be used. 

RIGID-METAL-CONDUIT WIRING 

72. Rigid-metal-conduit wiring is approved for both exposed and 
concealed work and for use in nearly all classes of buildings. For 
ordinary conditions, wiring in metal conduit is probably the best, 
although it is the most expensive. The advantages of metal conduit 
are (1) it is fireproof, (2) it is moistureproof, (3) it is strong enough 
mechanically so that nails cannot be driven through it and so that it is 
not readily deformed by blows or by wheelbarrows being run over it, and 
(4) it successfully resists the normal action of cement when embedded 
in partitions or walls of fireproof buildings. 

73. When to Use Rigid-metal-conduit Wiring.—In general, conduit 
wiring should be used whenever the job will stand the cost. Ordinances 
of some cities now require that all concealed wiring shall be in metal 
conduit. It is probable that the method will, because of its inherent 
advantages, grow in popularity and will ultimately be almost universally 
used. Rigid conduit protects the conductors it contains and provides 
a smooth raceway permitting ready insertion or removal. 

74. When conduit is used in cinder fill it must be located at least 18 in. 
under the fill or be protected on all sides by a layer of non-cinder concrete 
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at least 2 in. thick, or the conduit must be of corrosion-resistant material 
suitable for the purpose. 

75. Iron conduit is made in two types: white (galvanized) and black 
(enameled). The white conduit is galvanized and is the type which 
should be used where exposed to the weather, when embedded in con¬ 
crete, or when installed in continuously damp places. The black conduit 
is coated with black enamel and is the tj^pe commonly used for general 
interior wiring. 

76. Standard Rigid Conduit and Couplings 

Conduit Couplings 


. 


Fig. 40.— Fig. 41.— Conduit 

Section of couplings, 

conduit. 



1 ± 

1- 

1- 

1 ... 

nr" 

1- 


1- 

r~ 

1 A 

1 § 

Nominal size, ii 

A, actual outsic 
diam., in. 

B, inside diam., 
in. 

C, thickness of 
walls, in. 

Nominal weighl 
lb. per ft. 

Net price per 
ft. for enamelc 

Internal area, 
sq. in. 

J , outside diam 

in. 

K, length, in. 

L, thickness, in 

Weight of 100, 

Net price, per 
for enameled* 

H 

0.84 

0.623 

0.109 

0.85 

4 60 

0.304 

1^3 2 

1«6 

H 

15 M 

4.60 

H 

1.05 

0.824 

0.113 

1.12 

5.90 

0 533 


1^16 

'%4 

25 K 

6 60 

l 

1.315 

1.048 

0.134 

1.67 

8.40 

0.864 

1 2 M 2 

1*4 

^2 

403-2 

8.60 

i H 

1.66 

1.380 

0.140 

2 24 

11.40 

1.495 

2 

1 1S 16 



12.30 

l H 

1.90 

1.611 

0.145 

2.68 

13.60 

2.036 

2 

23^ 6 


71K 

15 30 

2 

2.375 

2.067 

0.154 

3.61 

18.40 

3.355 

2% 

2*16 

1 4-3 2 

132 

20.40 

2H 

2.875 

2.468 

0.204 

5.94 

' 29.00 

4.788 

3H 2 

2^16 

*VS2 

185 

29.10 

3 

3.50 

3.067 

0.217 

7.54 

38 00 

7.393 

4 'A, 

3 


300 

j 43.60 

3 K 

4.00 

3.548 

0.226 

9.00 

49.0Q 

9.886 

4H 

3*8 

K 

400 

58.50 

4 

4 50 

4.026 

0.237 

10.66 

58.00 

12.730 

1 

54 3 2 

3*8 


412 

73.00 


All tubes 10 ft. long, threaded both ends, with coupling on one end. 

Price list in effect Sept. 1940. 

a For galvanized, add 8 per cent. 

For galvanized, add 10 per cent. 

77. Data on conduit couplings and elbows are given in Secs. 76 and 80. 
The weight columns are convenient for estimating transportation 
charges. The price column may be used for rough estimating or for 
comparison of the cost of different layouts. For accurate estimating, 
however, a price list should be obtained from a local dealer, since the 
price of conduit varies according to business conditions, the distance from 
the source of supply, and the size of the order. The internal area is 
useful in determining the size of conduit for unusual combination of 
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conductors, as explained in Sec. 88 . Dimensions of elbows and couplings 
are often used in laying out work on the drawing board or in cases where 
clearances must be estimated in advance. Table 78 gives the dimensions 
of standard conduit threads. 


78. Standard Conduit and Pipe Threads 


l<—u.->1 

| [<— u >—*1 


i 

iiit i 

$ g.'g .§ < rtt 


tj 


<m 




? i 


U Q 

\ S 




Outside diam^of perfect thread 
B a Inside diam. of pipe 
C= Roof diam. of thread ct fend of pipe 
D = Outside diam. of thread atendofpipe 
E* 3 Length of perfectthread 
F =* Iota f length of thread 
G» Length df i perfectthread p/us two 
threads 

■BRIGG’S FORMULA 
E • Perfect thread-(4.8+ 0.8 A) P 

P « Pitch of thread- ~r 
n 

N - Hum her of threads 
F « Length of taper at top 
Taperfy'to/ft 

Height of thread- 6rr 
G~ Length of fa per at " 
bottom 


Fig. 42.—Standard conduit and pipe threads. 


Size, 

pipe 

No. of 
threads 
per in. 

A 

B 

C 

D 

E 

F 

a 

Diam. 
drill, in. 

H 

27 

0.405 

0.270 

0.334 

0.393 

0.19 

0.41 

0.264 

2 H 4 

K 

18 

0.540 

0.364 

0.433 

0.522 

0.29 

0.62 

0.402 

He 

H 

18 

0.675 

0.494 

0.567 

0.056 

0.30 

0.63 

0.408 

He 

M 

14 

0.840 

0.623 

0.702 

0.816 

0.39 

0.82 

0.534 

1 Ka 

« 

14 

1.050 

0.824 

0.911 

1.025 

0.40 

0.83 

0.546 

2 %2 

l 

UK 

1.315 

1.048 

1.144 

1.283 

0.51 

1.03 

0.683 

1^2 

IK 

UK 

1.660 

1.380 

1.488 

1.627 

0.53 

1.06 

0.707 

1^2 

IK 

UK 

1.900 

1.611 

1.727 

1.866 

0.55 

1.07 

0.724 

1 2 H2 

2 

UK 

2.375 

2.067 

2.200 

2.339 

0.58 

1.10 

0.757 

2^2 

2 K 

8 

2.875 

2.468 

2.618 

2.818 

0.89 

1.64 

1.138 

2K 

3 

8 

3.500 

3.067 

3.243 

3.443 

0.95 

1.70 

1.200 

3K 

3 K 

8 

4.000 

3.548 

3.738 

3.938 

1.00 

1.75 

1.250 

3 2 H4 

4 

8 

4.500 

4.026 

4.233 

4.443 

1.05 

1.80 

1.300 

4K 


79. Table 81 of conduit-bushing dimensions gives values which are 
helpful when laying out conduit holes in outlets or panel boxes. Clear¬ 
ances can be provided and holes can be so disposed that the bushings will 
have ample turning room. The dimensions in the table were taken from 
samples. 
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80. Rigid-conduit Elbows 



Fig. 43. — Conduit elbow. 





d 


d 

Ml 



JD 

~f 

Nominal insidi 
diam., in. 

Actual inside 
diam., in. 

Actual outside 
diam., in. 

'o 

4) 

2 

•5 

oJ 

Q 

# d 

| 

■5 

as 

t- 

<1 

0 

0) 

M 

fc 

o 

cC 

G length, strai 
portion, m. 

//, offset to 
inside, in. 

/, offset to 
outside, in. 

§ 

O 

.bfi 

'E 

£ 

Net price, per 
for enameled 4 

M 

M 

nu 

3^4 

3 ll 3 2 


2*Sl6 

6 1 T-h4 

7^4 

83 

11 00 

n 

*H 4 


4h 

4 

6 2 T 32 

2***2 

0**64 

7 3 8 

111 

14 00 

i 

1*<U 


3* 4 

0^3 2 

8*2 

2*i 

7**32 

9«S2 

207 

21 00 

m 

1^8 

1 2 a 

0*8 

3^3 2 

9**13 

3 5 3 2 

8° *'6 4 

10»%4 

317 

30 00 

1>2 

l*%4 


8*S 

7 7 i o 

1 1 1 l 4 b 

3*c 

KHK4 

12**64 

441 

42 00 

2 

2 He 

2** 

9H 

8K« 

13^ 

4K 

12^6 

14 15 16 

7ir> 

67 00 

2H 

2**12 

2K 

10>2 

9^16 

15K 

•>K 

14*K« 

17^6 

1,390 

120 00 

3 

3H« 

3^2 

UK 

10 

17X 

5*2 

1S»,6 

19 

1,850 

256 00 

3K 

3K« 

4 

13^ 

11H 

20K« 

8>K« 


22^6 

2,650 

473 00 

4 

4^4 

4H 

16 

13^4 

22K« 

8K« 

20Ke 

24 1 H 6 

3,470 

552 00 


° For galvanized add 14 per cent. 


81. Malleable-iron Conduit Bushings 



Fig. 44. — Conduit bushing. 



A, in. 

B, in. 

C, in. 

D, in. 

E, in. 

H 


% 

1 *Ml 2 

*16 

l H 2 

H 

*JKe 

1^2 

l ^2 

« 

* K 2 

H 

1^2 

IK 

K 

K 

*%2 

1 

1*^2 

1*^2 

•K2 

He 

***2 

m 

l*Ka 

1 2 K2 

1JK« 

K 


1M 

„ 2 He 

2Ji2 

1% 

*Hs 

W 

2 


2 1 K« 

1*M« 

*^2 

2 K2 

2M 

3He 

3^2 

2*Ka 

^3 

H 

3 

3*K« 

3*^2 . 

2 2 K a 

'Hi 

H 









Div. 81 


INTERIOR WIRING 


1135 


82. Conduit Nipples 



Fig. 45.—Conduit nipple. 


Size of 
conduit, in. 

A, threads 
per in. 

B, diam. 
of threads, in. 

c, 

in. 

D, 

in. 

E , 
in. 

F, 

in. 

1 ° * 
in. 

in. 

4 

14 0 

0 82 

0 62 

1.00 

1.15 

0.62 

0.12 

0.50 

4 

14 0 

1 02 

0.82 

1.25 

1.44 

0.81 

0.19 

0.62 

l 

11 :> 

1 28 

1.04 

1.37 

1.59 

0.94 

0.25 

0.69 

Vi 

11 r, 

1 63 

1.38 

1.75 

2.02 

1.06 

0.25 

0.81 

V, 

11 5 

1 87 

1 61 

2.00 

2.31 

1.12 

0.31 

0.81 

2 

11 3 

2.34 

2.06 

2.30 

2.89 

1.31 

0.31 

1.00 

24' 

8 0 

2.82 

2 46 

3.00 

3.40 

1.44 

0.37 

1.0G 

3 

8 0 

3 44 

3 06 

3.75 

4.33 

1.50 

0.37 

1.12 

3 1 i 

8 0 

3 04 

3 54 

4 25 

4 91 

1 62 

0.44 

1 19 


83. Punched Steel Conduit Lock Nuts 

The dimensions of punched lock nuts, as made by the different manu¬ 
facturers, vary. The dimensions given below are actual measurements 
from the lock nuts of one manufacturer which are, probably, as large as 
any. 



Fig. 46.-- Conduit lock nut. 


Nominal 
Bize of con¬ 
duit, in. 

Threads 
pei in. 

A, ia. 

B, in. 

C, in. 

D, in. 

E, in. 

u 

18 

0 568 

0.658 

1 

oct. hex. 

14 

oct. hex. 

4 s 

oct. hex. 

4 

14 

0 701 

0 815 

l-IHe 

l*i 6 ~ 1 4 a 

X 

u 

1 

X 

?4 

14 

0 911 

1 025 

1*4 

1 Ms 

42 

1 

1U£ 

1 144 

1.283 

14 

l 3 4a 

Ms 

1 1 4 

114 ' 

1 488 

1 627 

24a 

2Ms 

Ms 

14 

114 

1 727 

1.866 

24 

24s 

Ms 

2 

114 

2.223 

2 339 

2*42 

34 

4a 

2 4 

8 

2.620 

2.820 

34 1 

34 

4 

3“ | 

8 

3.241 

3.441 

4 1 4a*"3 1 He 1 

4 1 4s-4 

1 4a- 1 4a 


•The 3-in. lock nut is octagonal instead of hexagonal. 
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84. Spacings for Conduit with Given Clearances 

(All dimensions in inches) 


The Clearance , C f values 
are based on the D values 
given at the top of the next 
page. 



Fig. 47.—End View. 



Fig. 48.—Elevation. 






C 

= *<< in. 







C = 

9k in. 



Size 

conduit 

Vi 

?4 

1 

m 

Hi 

2 

2 Vi 

3 

3 Vi 

Size 

conduit 

K> 

94 

1 

lh 

Vi 

A 

Hi 

m 

1 Yi 

HM« 

lHio 

2*i 

2V4a 

294 

3 Vi 

} 2 

A 

lVa 

l r ’i 

194 

l*5io 

B 

0.41 

0.43 

0.42 

0.43 

0.44 

0.52 

0.58 

0.58 

0.70 


B 

0 66 

0.68 

0.67 

0.68 

H 

A 

19i 

m 

m 

lHie 

HMe 

2*4 

294 e 

3 

3V4 

3 i 

A 

r>i 

194 

Hi 

2V4« 


B 

0.43 

0.45 

0.44 

0.45 

0 46 

0.54 

0.60 

0.60 

0 72 


B 

0 68 

0.70 

0.69 

0.71 

1 

A 

m 

m 

m 

lHie 

2*1 e 

25i 

2*Vio 

3 

396 

1 

A 


lVi 

2 

294 o 


B 

0.43 

0.45 

0.44 

0.46 

0.46 

0.54 

0.60 

0.60 

0.72 


B 

0.68 

0.69 

0 69 

0.71 

m 

A 

HMfi 

Wia 

lHio 

2 Vi 

2*4 

2»io 

2Vi 

3»/4 

3Me 

1} 4 

A 

1* *10 

2V io 

29ie 

29i 

B 

0.43 

0.46 

0.46 

0 46 

0 47 

0.55 

0.62 

0 67 

0 74 


B 

0 68 

0 71 

0.71 

0.71 


A 

l*94e 

lHia 

2 Vie 

2V4 

2% 

2 Me 

3 

396 

3U ltt 

lVli 

A 

2 V i o 

29 1 b 

254 e 

2 Vi 

B 

0.44 

0.46 

0.46 

0.47 

0.47 

0.56 

0.62 

0 67 

0.74 


B 

0 69 

0.71 

0 71 

0.72 

2 

A 

2 Vi 

2M 

29i 

2*16 

2* Vie 

3 

354 e 

3 r >6 

4 

2 

A 

296 

2 Vi 

25i 

2*918 


B 

0.52 

0.54 

0.53 

0.55 

0.56 

0.63 

0.63 

0.69 

0.82 


B 

0 77 

0.79 

0.78 

0.80 

V/i 

A 

2Vl6 

294 e 

2*M6 

2% 

3 

354 o 

396 

3*5io 

4Ma 

2 Vi 

A 

2* Via 

2*94(1 

2»5io 

3 Vi 

B 

0.58 

0.60 

0.60 

0.61 

0.62 

0 69 

0.76 

0.76 

0.89 


B 

0.83 

0.85 

0.85 

0.86 

3 

A 

2% 

3 

3 

3V4 

m 

356 

3 1 V\ « 

4Vie 

494 

3 

A 

3 

3 Vi 

3*4 

3 Vi 


B 

0.58 

0.60 

0.60 

0 67 

0.67 

0.69 

0.74 

0.94 

1.00 


B 

0 83 

0 85 

0 85 

0.92 

SH 

A 

m 

3 V4 

m 

3916 

3* Vie 

4 

454 e 

494 

5 

3*i 

A 

34i 

3 Vi 

35i 

3*91o 

B 

0.70 

1 

0.72 

0.73 

0 74 

0.74 

0.82 

0.89 

1.00 

1.00 


B 

! 

0.96 

0.98 

0.98 

0.99 
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’ - *4 

in. 







C = 

Vi in. 



Size 

conduit 

1 

H 

H 

1 

H4 

VA 

2 

2 Vi 

3 

3 Vi 

Size 

conduit 

Vi 

9t 

1 

Hi 

Yi 

A 

m 

m 

Hi 

l*94o 

vy e 

2*4 

294 o 

2 Vi 

3V4 

Vi 

A 

1 H 

194 

Hi 

2Vie 


B \ 

0.53 

0.55 

0.54 

0.55 

0.56 

0.64 

0.70 

0.70 

0 83 


B 

0 78 

0 80 

0.79 

0.80 

y* 

A 

m 

m 

w 

lHie 

2Me 

296 

2 1 Vi« 

3 

396 

94 

A 

194 

Hi 

2 

294 c 

B 

0.55 

0.57 

0.56 

0.58 

0.58 

0.66 

0.72 

0.72 

0.86 


B 

0 80 

0.82 

0.81 

0.83 

i 

A 

ih ! 

m 

lVi 

2 Vie 

29*6 

2 Vi 

2 Hi e 

3 Vi 

3*i 

1 

A 

1V6 

2 

2Vi 

254 e 


B 

0.55 | 

0.57 , 

0.56 

0.58 

0.58 

0.66 

0.72 

0.72 

0.85 


B 

0.80 

0.81 

0.81 

0.83 

1 H 

A 

lHie 

HMe 

2He 

2H 

296 

2 1 Me 

3 

39i 

3 Hie 

H4 

A 

2Vic 

29ia 

294 e 

2*6 

B 

0.55 

0.58 

0.58 

0.58 

0.59 

0.67 

0.73 

0.79 

0 86 


B 

0.80 

0.83 

0.83 

0 83 

m 

A 

lH4e 

2Me 

294 a 

29i 

2 Vi 

2*946 

3 Vi 

3 Vi 

3*94e 

VA 

A 

294 o 

294e 

2V4e 

25i 


B 

0.56 

0.58 

0.58 

0.59 

0.59 

0.68 

0 74 

0 79 

0.87 


B 

0.81 

0.83 

0.83 

0.84 

2 

A 

2 M 

m 

2Vi 

2>Me 

2*94e 

3V6 

3 Vi e 

394 

4 Vi 

2 

A 

2Vi 

25i 

294 

2‘5io 


B 

0.64 

0.66 

0.65 

0.67 

0.68 

0.75 

0.81 

0.81 

0.94 


B 

0.89 

0.91 

0.90 

0.92 

2 Vi 

A 

294 e 


2*9ia 

3 

3Vi 

3 Vi a 

394 

4V4o 

4 Vi e 

2*i 

A 

2 l 9ie 

2 1 Me 

3V4e 

3V4 


B 

0.70 

0.72 

0.72 

0.73 

0.74 

0.81 

0.87 

0.88 

1.00 


B 

0 95 

0.97 

0.97 

0.98 

3 

A 

2 H 

3 

3Vi 

3 H 

3 Vi 

394 

4V4e 

494 e 

4Vi 

3 

A 

3 Vi 

3V4 

39i 

35i 


B 

0.70 

0.72 

0.72 

0 79 

0.79 

0.81 

0.88 

1.06 

1.12 


B 

0 95 

0.97 

0.97 

1.04 

3Vi 

A 

3*4 

3% 

3*i 

3*V4e 

3*946 

4V6 

4 Vi « 

4Vi 

5Vi 

3*6 

A 

3Vi 

SH 

394 

3 l 54e 


B 

0.83 

0 86 

0.85 

0.86 

0.87 

0.94 

1.00 

1.12 

1.12 


B 

1.01 

1.04 

1 03 

1.04 
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Spacings for Conduit with Given Clearances {Continued) 
(All dimensions in inches) 


D in nearest practical dimension 


Conduit 

D 

Conduit 

D 

H 

15* 

2 

2% 

H 

m 

25* 

35* 

1 

m 

3 

454 e 

m \ 

2 

35* 

m 

1 ** 

2*4 

i 




C - a* in. 






C 

* 5* 

in. 





1** 

2 

21/2 

3 

3*2 

Size 

conduit 

5* 

54 

1 

154 

15* 

2 

25* 

3 

35* 

2>,'e 

25* 

2H10 

3 

35* 


.4 

154 

m 

2 

254e 

254e 

25* 

2*546 

354 

35* 

0.69 

0 77 

0 83 

0.83 

0.96 


B 

0 91 

0.93 

0.92 

0.93 

0.94 

1.02 

1.08 

1.08 

1.14 

254 6 

25* 

2i»1« 

35* 

31/2 

■I 4 

A 

m 

2 

25* 

2546 

2yia 

254 

3546 

35* 

354 

0.71 

0 79 

0.86 

0.85 

0.98 


1 B 

0.93 

0.95 

0.94 

0.96 

0.96 

1.04 

1.10 

1 10 

1.17 

251 o 

25* 

21-516 

354 

35 s 

1 

I <4 

2 

25 * 

254 

2546 

2546 

2~A 

3546 

35* 

3v* 

0.71 

0.78 

0.85 

0.85 

0.98 


t B 

1 

0.92 

0.94 

0.94 

0.96 

0.96 

1.03 

1.10 

1.10 

1.16 

2h 

251o 

3 5* 

35* 

3i5'i« 

15. 

i A 

2516 

2516 

2 7 /(6 

25* 

254 

35(6 

35* 

354 

45(6 

0.72 

0.80 

0.87 

0.92 

0 99 


B 

0.93 

0.96 

0.96 

0 96 

0.97 

1.05 

1.12 

1.17 

1.24 

m 

2i 516 

31/4 

35* 

3i5ifl 

V'i 

! A 

2546 

254 b 

254 0 

254 

2 U 

3546 

35* 

4 

454b 

0.72 

0.81 

0.87 

0 92 

0 99 


1 B 

0 94 

0 96 

0 96 

0.97 

0.97 

1 06 

1.11 

1.17 

1.24 

2 l Mft 

3V4 

'iV\c> 

35* 

454 

2 

\ A 

25* 

254 

25* 

3 54 « 

3516 

35* 

3*5(6 

454 

45* 

0.81 j 

0.88 

0.88 

0.94 

1 07 


! B 

1.02 

1.04 

1.03 

1.05 

1.05 

1.13 

1.13 

1.19 

1.32 

31/4 

3?4e 

35* 

454e 

45m 

25i> 

A 

215,0 

35io 

3546 

35* 

35* 

3*516 

456 

45* 

4*5(6 

0.87 

0.94 

1.01 

1 01 

1.13 


I B 

1.08 

1.10 

1 10 

1 11 

1.12 

1 19 

1 26 

1.26 

1.39 

35 * 

37,6 

4546 

41 546 

5 

3 

A 

354 

35* 

351' 

354 

4 

454 

45* 

4154a 

554 

0.92 

0.94 

0.99 

0.99 

1.25 


B 

1 08 

1.10 

1.10 

1 17 

1.17 

1 19 

1.24 

1.24 

1.44 

31-510 

4‘/4 

454 0 

5 

554 

31 2 

A 

3- r »* 

354 

35* 

4 54 « 

4516 

454 | 

4**46 

554 

55* 

0 99 

1.07 

1.13 

1.25 

1 25 j 

i 


B 

1 14 

1 17 

1.16 

1.24 

1 24 

1.32 

1 39 

1.44 

1.56 


C — 5* in. 






C 

= 54 in. 





15 * 1 

. 

2 

25* 

3 

35’2 

Size 

conduit 

5* 

54 

1 

H4 

lh 

2 

25* 

3 

35* 

25(e 

21/2 

2i54e 

35* 

35-2 

52 

A 

15* 

2 

25* 

254 e 

27,16 

254 

354e 

CO 

354 

0.81 

0.89 

0.95 

0.95 

1.08 


B 

1.03 

1.05 

1.04 

1.05 

1.06 

1.14 

1.20 

1.20 

1.26 

251o 

2H 

2‘5l6 

354 

34* 

! 

A 

2 

25* 

254 

25 (« 

25u, 

27/* 

3546 

35* 

37/* 

0.83 

0 91 

0.97 

0.97 

1 10 


B 

1.05 

1.07 

1.06 

1.08 

1.08 

1.16 

1 22 

1.22 

1.29 

2Me 

2H 

35le 

35* 

35 1 

1 

A 

25s 

254 

25* 

254 0 

2*5(6 

3 

35(6 

35* 

4 

0.83 

0.90 

0.97 

0.97 

1.10 


B 

1.04 

1.06 

1.06 

1.08 

1.08 

1.15 

1.22 

1.22 

1.35 

2 5* 

2‘51e 

354 

35* 

3i- r >io 

154 

A 

2Me 

2^(6 

254e 

254 

2H 

3 3 1 6 

35* 

35* 

454e 

0.84 

0.92 

0.99 

1.04 

1.11 


B 

1.05 

1.08 

1.08 

1.08 

1.09 

1.17 

1.24 

1.29 

1.36 

254 

3Me 

35* 

354 

4516 

! 15 * 

A 

25(6 

2546 

2*54 e 

2’* 

3 

3516 

35* 

45* 

4510 

0.84 

0.93 

0.98 

1.04 

1.11 


B 

1 06 

1.08 

1.08 

1.09 

1.09 

1.18 

1.25 

1.29 

1.37 

3Mo 

3?* 

3*518 

4 

45* 

2 

A 

254 

25* 

3 

CO 

354 6 

35* 

3154c 

45* 

45* 

0.93 

1.00 

1.00 

1.06 

1.20 


B 

1.14 

1.16 

1.15 

1.17 

1.18 

1.25 

1.25 

1.31 

1.45 

35* 

3iMe 

4 

454e 

415 I 0 

25 * 

A 

3 54 6 

354e 

354e 

35* 

35* 

31546 

454 

44* 

41546 

0.99 

1.06 

1.13 

1.13 

1.26 


B 

1.20 

1.22 

1.22 

1 23 

1.24 

1.31 

1.36 

1.38 

1.51 

354 

4 

4546 

4i51o 

55* 

3 

A 

35* 

35* 

35* 

35* 

45* 

45* 

45* 

5546 

55* 

1.04 

1.06 

1.14 

1 14 

1.31 


B 

1.20 

1.22 

1.22 

1.29 

1.29 

1.31 

1.45 

1 36 

1.56 

4H« 

45* 

4iH6 

554 b 

55* 

35 * 

A 

354 

3 H 

4 

454e 

4546 

45* 

4i5ie 

55* 

55* 

1.11 

1.13 

1.31 

1.31 

1.37 


B 

1.26 

1.29 

1.28 

1.36 

1.37 

1.45 

1.51 

1.56 

1.68 
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88. Table 82 of conduit-nipple dimensions is, since the function of 
the nipple is about the same as that of the bushing, used for the same 
purposes as the bushing table. The nipple screws into a coupling (see 
Fig. 48), while the bushing screws onto the threaded end of a length of 
conduit. The nipple is more compact than the bushing and hence is 
preferable for some work. 

86. Punched-steel lock nuts are shown in Table 83. Lock nuts are 
used on conduit on the outside of the box wherever the conduit enters 
an outlet box, and their dimensions must often be known in laying out 
panel or outlet boxes, so that proper turning clearances can be provided 
for the nuts. 

87. Table 84 of conduit spacings for different clearances between 
conduits and their lock nuts or nipples is exceedingly valuable to a man 
who is designing or erecting conduit work. From it he can determine 
directly just what the distance between centers of conduits should be 
for given clearances between nipples or conduit. These data are indis¬ 
pensable when laying out the centers of a row of holes through which 
conduit is to enter a panel box, or in laying out the supports for a multi¬ 
ple-conduit run. 

88. The National Electrical Code specifies the size of conduit to use, 

depending upon the number, type, and size of conductors to be installed 
therein. The proper size of conduit can be determined from the following 


tables in Div. 10: 

1. For ordinary 600-volt wiring. Tahir 21 

2. For 600-volt, lead-covered cables. Table 22 

3. For more than nine conductors in specially approved locations. . . Table 23 

4. For rewiring, using existing conduits. Tables 28 and 29 

6. For three-conductor convertible systems. Table 31 


6. For combinations of different sizes of conductors in the same conduit the sum of the 
cross-sectional areas of the conductors must not exceed the percentage internal 
area of the conduit given in Table 24. The cross-sectional airas of 600-volt con¬ 
ductors are given in Tables 26, 26, and 30. If a type of conductor not included in 
Tables 25, 26, or 30 is to be used, the area may be determined from the diameter of 
the cable as given in Div. 2. For the internal area of the conduit see Table 27. 

Example .—Determine the size of conduit required for three No. 8 wires and three No. 2 
wires. Ail wires are of Type R. 

Solution .—From Table 25 of Div. 10 the area of a No. 8 wire is 0.071 sq. in., that of a 
No. 2 wire is 0.21 sq. in. The total wire area == (3 X 0.071) -f (3 X 0.21) = 0.213 + 
0.63 * 0.843 sq. in. From Table 24 of Div. 10 for conductors not lead covered, over 
four in a conduit, 40 per cent of the internal conduit area may he occupied. The inter¬ 
nal area of the conduit must be, therefore, at least as great as 0.843/0.4, or 2.11 sq. in. 
From Table 27 of Div. 10, a 2-in. conduit will be required. Although this conduit has 
an area considerably larger than required, the next smaller size (1^£ in.) is too small. 

89. Outlets for lighting luminaires and wiring devices require the use 
of outlet boxes or conduit fittings. Outlet boxes are usual for concealed 
conduit work, and conduit fittings are usual for exposed conduit. 

90. Outlet boxes that are used for conduit wiring are of sheet steel, 
preferably coated with zinc. They not only hold the conduit ends firmly 
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in position and form a pocket for enclosing wire joints but also constitute 
electrical connectors between the elements of the conduit system, all 
of which must be in good electrical contact. Each conduit run in an 
installation must terminate in an accessible outlet box. Outlet boxes 
are made in many different forms. For complete data and descriptions 
of outlet boxes see Div. 4. The required size of boxes is given in Sec. 238. 

91. All boxes should be installed so that the outer edge of the box 
or the cover mounted on the box will come flush with the surface of the 
plaster. The top of an outlet or junction box must never be concealed, 
as the wire splices inside must be accessible for inspection. The conduit 
must be fastened securely to the box by using a lock nut on the outside 
and a bushing on the inside of the box. 

92. Conduit junction boxes, which are in reality nothing more than 
pull boxes on a large scale, are often very convenient at points where 



Fig. 49.—A sheet-iron conduit junction box. 


several conduit lines intersect, as for instance over a switchboard (Fig. 
49) from which conduit lines radiate. The junction box is usually sup¬ 
ported from the ceiling and is best made of sheet iron on an angle-iron 
frame. The sides should be held on with machine screws turning into 
tapped holes iri the frame so that they can be readily removed. Hound 
holes can be cut in the sheet-iron sides for the conduits, or, often pref¬ 
erably, slots can be provided instead. The conductors within the box 
can be carried from conduit outlet to conduit outlet in any direction 
desired, and the use of elbows and troublesome conduit crossings can 
thereby be avoided. 

93. Pull boxes can often be advantageously substituted for elbows 

(Fig. 50). Large elbows are expensive. Where there are three or more 
right-angle turns in a run, a pull box should be inserted in any event. 
One pull box may be substituted for several elbows. Wire can be pulled 
in more readily where there are pull boxes. Pull boxes are generally 
made of sheet steel (Fig. 50, /). Boxes should be made and drilled in 
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the shop where proper tools are available rather than on the job. The 
required size of pull boxes is given in Sec. 239. 


Bushings 


Partition 


mssss/s/sssssssssssssss ,1 


Conduits X 


I Sheet Mete* 1 Box IT Applications HI 

Fig. 50.—Conduit pull boxes. 

94. Conduit fittings are appliances used to adapt conduit to different 
situations and conditions. Figure 51 shows some popular fittings, the 
applications of which are obvious. The National Electrical Code 
specifies that every conduit outlet must be equipped with an outlet box or 
approved fitting. A fitting like that of I or II placed on a conduit end 
fulfills this requirement. Elbows, crosses, and tees, as in III, V, and VI, 
respectively, can be obtained fitted with either metal or composition or 
porcelain wire-hole covers or with outlet or other devices. The fitting 
of IV is used on the end of an outdoor piece of conduit into which wires 
enter. Its shape is such that wires must enter upwardly, preventing the 
entrance of moisture. As it is almost impossible to pull wires through a 
fitting of this kind after it is in place it is therefore held to a coupling on 
the end of the conduit with screws turning into a flange. The wires can 
be pulled into the conduit and the fitting slipped over them and attached 

to the flange without its 
^7©^ being necessary to turn the 

Er - gJ fitting. The fittings of VII 

¥ II \ Y T ^ and VIII can be used either 

14 =, 

Qgpgg Wp other purposes. Everyone 

J l mta!Covers?^ yj^Switch' m interested in wiring should 

0 . have the catalogues of the 

Fig. 51.—Some popular conduit fittings. _,,. f , 

fitting manufacturers. 

These illustrate a great number of fitting combinations and applications. 

Conduit fittings are made with their hubs for attachment to the conduit 
of either the threaded or threadless types. 

Threadless fittings (Fig. 52) can be used with unthreaded conduit. 
Tightening a bushing or a lock nut clamps the conduit within the 
fitting. Threadless fittings materially reduce the labor cost of conduit 
installation. They do not, however, provide as great mechanical strength 
as threaded fittings. 


7 v 

ifetai Cover 


Y Covers ^^Swifch' ^ 

Fig. 51.—Some popular conduit fittings. 
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95. Conduit should run as straight and direct as possible. There 
should never be more than the equivalent of four right-angle bends 
between drawing-in outlets. 



Fig. 52.—No-thread conduit fitting. (Appleton Electric Co.) 


96. In installing exposed conduit runs where there are several conduits 
in the run it is usually better to carry the erection of all of them along 
together rather than to complete one line before starting the others. If 
all are carried along together it is easier to keep all the ducts parallel, 
particularly at turns, and the chances are that the job will therefore 
look better. 


97. Galvanized-iron Pipe Straps of the Two-hole Type 





kC >| 



Fig. 53.—Pipe strap. 


Nominal 
size of 
conduit, 
in. 

A, 

width 
of open¬ 
ing. in. 

B, 

height 
of open¬ 
ing, in. 

c, 

width 
of strap, 
in. 

D, 

distance 

between 

centers 

of screw 
holes, in. 

j 

E, 

diam. of 

screw 
hole, in. 

F, size of 
wood screw 

to use 

Approxi¬ 
mate 
cost per 
100 

Approxi¬ 

mate 

number 
per lb. 

Ya 

Ha 

17 A 2 

S H 

1 H« 

0.20 

No. in. 

8 X H 

*0.40 

75 

H 

'Ms 

2 ^2 


1?8 

0.20 

8 X H 

0.45 

72 

H 

7 A 

2 ^2 


1 H 

0.20 

8 X H 

0.65 

40 

« 


1 

Ya 

2 H 

0.22 

10 x y A 

0.90 

29 

l 

m 

1^2 

% 

2% 

0.22 

10 X hi 

1.20 

21 

IH 

m 

1 % 

*»{• 

2H 

0 22 

10 X 1 

1.40 

18 

l H 

2 

m 

l Ha 

3 

0 22 

10 X 1 

1.80 

14 

2 

2 X 

2H« 

1 

m 

0.22 

10 X 1M 

2.25 

12 

2H 

2H 

2 l M« 

H 

4 H 

\ 

0.25 

11 x l H 

3 50 

6 
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98. Conduit can be supported on surfaces with pipe straps which are 
made in two-hole (Fig. 53) and one-hole (Fig. 53A) types. On wooden 
surfaces, wood screws secure the straps in position. On masonry surfaces, 
wood screws turning into lead expansion anchors can be used. (Refer to 
Div. 4 for types of expansion anchors.) Wooden plugs should never 
be used because no matter how well seasoned a plug appears to be it will 
usually dry out some and loosen in the hole. The dimensions in Table 97 
are valuable, when laying out multiple-conduit runs, to determine the 



I- Stamped 
steel 

Fig. 53A.— One-hole pipe straps. 


H- Malleable 
iron 

(Cent ral Electric Supply Corp.) 


spacings necessary between the conduits to allow' for proper placing of 
the straps. The screw-hole dimensions enable one to order, in advance, 
screws of the proper diameters to support the straps. Unfortunately, 
there are no standard dimensions in use by all the manufacturers of pipe 
straps, and those furnished by different makers will vary somewhat in 
size. The dimensions given are from one manufacturer’s line, and are 
typical. Where conduit is carried on the flanges of I beams one of the 


tBeam 



Wrought' 
^ Iron 




P 


^ 'a/ 


De+ailofW.I 
Wooden Block Beam Strap 


'"-Pipe Strap " Beam Straps 

Fig. 54.—Application of beam straps. 


many commercial clamps can be used, or the one referred to in Sec. 101 
can be applied. Conduit can also be supported on an I beam by first 
clamping a wooden block to the beam and then securing the conduit 
to the block with pipe straps (see Fig. 54). 

99. Location of Conduit Supports.—The National Electrical Code does 
not specify tie spacing for conduit supports, merely stating that the con¬ 
duit must be securely fastened in place. The Electragist Standards 
published by the National Electrical Contractors’ Association give the 
following rules, which are intended as a guide for high-grade work and 
need not be rigidly adhered to in order to comply with the intent of the 
Code. 
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100. 

Spacing of Conduit Supports 


Conduit 

Hire, 111 

Number of 

i 

Maximum 

conduits 

in run 

Location 

spacing of 
supports, ft 

Horizontal Huns 

h *4 

1 or 2 

I lat ceiling oi wall 

5 

J 2 *4 

1 oi 2 ] 

1 

Where it is difficult to proMde supports 
except at intervals fixed bv the building 
( onstiuction 

7 

* 2 3 « 

1 or more 

4nv location 

7 

1 and lugei 

] or 2 

I lat ceiling oi wall 

6 

1 and laigei 

1 ot 2 

Wh< n it is difficult to provide supports 

10 



exeept at intervals fixed bv the building 
construction 


1 iiullaigu 

i oi uioit 

4nv location ] 

10 



Veitu h 1 H uns 


*2 **4 


Expos* d 

7 

i I'm 


Exposed 

8 

1 and laigtr 


Exposed 

10 

Up to 2 


hhaftway 

14 

2^ and lirger 


Shaftwav 

28 

4n> 


C on< ealed 

10 


101. Some commercial I-beam conduit hangers are shown m Fig 55 
The one at I is an I-beam damp formed from wrought-iron strap The 



lit. 55—Commeitial conduit damps 


hanger or clamp—the part that grips the beam—of that at II can be 
purchased of either stamped steel or malleable iron. The support— 
the yoke in which the conduits rest—is of malleable iron and can be 
purchased to accommodate one or several conduits of different sizes. 

102. The I-beam conduit clamps of Table 103 will be found of great 
convenience in steel-mill- and fireproof-building work. Their principal 
advantage is that they draw the conduit up closely against the I beam 
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and grip it very firmly. In a multiple-conduit run each conduit can be 
secured to a given beam with its own pair of clamps. Where the clamps 
are used on conduits in a group that lie close together the stove bolts 
should be used in preference to the studs so that they can be drawn up 
with a screw driver. For a single isolated conduit, either studs or stove 
bolts can be used. 

Figure 56 shows the size of the stove bolts or of the studs that should 
be used w ith a given I beam and a conduit of a given size. Stove bolts 


Incase studs are used instead of stove bolts • - Use Q'studs for all 
combinations in left hand section of table, use"R”studs forall 
combinations in center section, and'S^studs for ail 
combinations in right hand section. 

r -A" , 




mmmmmWBKKM 

Mill 111 llJ I Hill lUidLlililli 


BBBSBIEBIBlim 

■BH 


L 7 s M 8 




_ k-..Q —.>K— R -~ --> K~--3 

Fig. 56.—Dimensions of stove bolts and studs for the conduit clamps of 

Fig. 57. 


of the sizes indicated are regularly manufactured but are not always 
readily obtained. The studs can be easily made by threading the ends 
of wrought-iron rod. In cramped locations the nuts on the studs 

can be tightened with pliers. 

103. Dimensions of I-beam Conduit Clamps. —Clamps are to be made 
of cast or malleable iron. See Fig. 56 showing dimensions of stove bolts 
and studs for clamps. 

























Clamp. I-Beam 






























1146 


AMERICAN ELECTRICIANS ’ HANDBOOK [Div. 8 


104. A hanger for supporting conduit on hollow tile (Fig. 58) is made 
by the Yonkers Specialty Co., Yonkers, New York. With it only one 
hole is necessary through the tile, which is considerably weakened by the 

P _ - two holes and plugs close together that are 

b jQaq/t necessary for a pipe strap. The flexible 

m botr metal strap is bent around the pipe and 

f through the slot after the conduit is in 

lllllPilliflP P io6, c ° nduit in fireproof buildings is 

usually carried over and is supported by 

_ the floor beams (Fig. 59) when carried 

within the floors. Where necessary the 
terra-cotta fireproofing is channeled to 
receive it. In vertical runs in walls or 
BliiP f partitions the fireproofing is either chan- 
... , , u neled for or built around the conduit, 

which is held m place with cut nails or 
pipe hooks prior to plastering. 

106. Conduit in concrete buildings —much of it at any rate—should 
be installed while the building is being erected. The outlets and the 


Condu^ 

Fig. 58.—Conduit toggle bolt. 


Concrere % 

Finished Floor Filling \ 


Wood Floor 
.Sleepers 


Conduit' 



Ceiling-'' Terra-Cotta ■' 
Fireproofing 


'* Outlet Box 


Fig. 59.—A fixture outlet in a tena-cotta ceiling. 


conduit between outlets should be attached to the forms, and the concrete 
can be poured around them (Fig. 60). Where several conduits are to 
pass through a wall, partition, or floor, a plugged sheet-iron tube (Fig. 
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Fig 01 —Methods of pioviding passages thiough concrete. 


Concrete 



vcfCfcd 

-Supporting conduits on a con¬ 
crete beam. 


107. A method of supporting exposed conduit wiring in concrete 
buildings is shown in Fig. 62. A round groove of J s -in. radius is cast 
in the faces of the beams, by 
having %-m. haif-round mold¬ 
ing nailed in the forms. 

Wrought-iron yokes are bent 
to fit the grooves as shown, 
and bolts clamp them 

in position. 

108. Conductors in vertical 
conduits must be supported 

within the conduit svstem as indicated in the following table: 

Conductor Size, Spacing between 

No. or Cn Mils Supports, Ft. 

No. 14-0 100 

No. 2/0-4/0 80 

No 5/0-350,000 60 

350,001-500,000 50 

500,001-750,000 40 

750,001 and largei 35 

The following methods of supporting cables are recommended by the 
Underwriters: 

1 Approved clamping devices con¬ 
structed of or employing insulated wedges 
inserted in the ends of the conduits (Fig. 
63). 

2. Junction boxes may be inserted in 
the conduit system at the required inter¬ 
vals, in which insulating supports of 
approved type must be installed and 
secured in a satisfactory manner so as to 
withstand the weight of the conductors 
attached thereto, the boxes to be provided 
with proper covers. 

3. Cables may be supported (Fig. 64) in approved junction boxes on 
two or more insulating supports so placed that the conductors will be 


Galvanized 
Malleable lron A 
Inserts') 



Split Taper 
Bushings of 
k Hard Fiber 


Fig. 63.—Cable support 

screwed on end of conduit. 
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deflected at an angle of not less than 90 deg., and carried a distance of 
not less than twice the diameter of the cable from its vertical position. 

Cables so suspended may be ad¬ 
ditionally secured to these insu¬ 
lators by tie wires. 

109. Properly bent conduit 
turns look better than elbows and 
are therefore preferable for ex¬ 
posed work (see Fig. 65). If 
bends are formed to a chalk line, 
drawn as suggested in Sec. 110, 
the conduits can be made to lie 
parallel at a turn in a multiple 
run as shown at Fig. 65, II. If 
standard elbows are used it is 
impossible to make them lie 
parallel at the turns. They will 
have an appearance similar to 
that shown at I. 

110. To Lay Out a Right-angle 
Conduit Bend.—Draw a chalk¬ 
line diagram of the contour of the 
bend on the floor as follows (see 
Fig. 66): Draw a base line CO 
of any length. Lay off AO 4 

units long. (The units may be any dimensions whatever.) With a cord 
and a piece of chalk with O as a renter and a radius of 3 units describe the 
arc IJ. With A as a center and a radius of 5 units describe the arc EH. 



Fig. 64.—Supporting conductors in 
vertical conductor run. 



Fig. 65. —Right-angle turns with elbows and with bent conduit. 

The line OD drawn from 0 through B t the intersection of the two arcs, 
will be at right angles with CO. 
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CO and OD may now be prolonged for any desired distance. The arc 
CD is drawn with the cord and chalk with any required radius R. The 
conduit bend should lie parallel to this arc when the bend is laid on the 
floor for inspection as shown in Fig. 67. Table 80 shows the minimum 
radii that should be used for conduit bends. 



Fig. 66.—Laying out a right 
angle. 


Fig. 67.—Forming a conduit 
to chalk lines. 


111. Hand conduit benders are shown in Fig. 68. Many satisfactory 
commercial benders are obtainable, but they usually have the dis¬ 
advantage that the work must be carried to them to be bent. The 
“hickeys” shown at I can be used anywhere and hence are very popular. 

Pipe* 

K-. -About 3-O'- - 



For or %- in. conduit the “hickey” should be a 1-in. tee and pipe. 
A bender with a grooved metal wheel that any one can make is shown 
at II. The arrangement of III can be used for large conduit. It consists 
of two heavy wooden blocks bolted to a column or other substantial 
vertical support. 

112. To bend conduit by hand, butt the end in which the bend is not 
to be made against a wall or other vertical substantial object and mark 
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off on the floor, with a line, the point where the bend should come. Slip 
the bender onto the pipe to a point within a couple of inches of the mark. 
Then bend the conduit about 20 degrees (Fig. 69, I). Move the bender 
back an inch or so and bend some more. Repeat until the bend assumes 
the proper form. Make all bends with as large a radius as possible. 
The minimum radius of inside of bend for any bend is 3}^ in. Where a 



line is drawn on the floor, conduit can be bent accurately to it (Fig. 09, 
II), but if a mark is placed on the conduit as at A it is very difficult 
to make a proper bend. 

113. A combination conduit vise and bender for conduit of the smaller 
sizes is shown in Fig. 70. By bolting the casting shown at II to a com¬ 
mercial vise the arrangement shown at I results. The best vise for large 
conduit is the so-called combination vise, which is a combination of a 
pipe vise and a machinist’s vise. 



114. Cold Bending Large Conduit.—A rig for doing this is shown in 
Fig. 71. The bending rig can be set up in a doorway or between any 
strong vertical supports. It is usually cheaper to bend large elbows 
than to buy them. Always carefully lay out a chalk line (see Sec. 110) 
on the floor to bend to before starting. In forming a bend, start at one 
end of the curve that is to be, bend a little with the jackscrew, and then 
take the conduit out and to the chalk line and compare it therewith. 
Proceed thus until the bend required is formed. A hydraulic rather 
than a jackscrew may be necessary for conduits larger than 2-in. diameter. 
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The wooden form by means of which the jackscrew's pressure is applied 
to the conduit is detailed in Fig. 72. It should be of a hard close-grained 
wood such as maple. The diameter of the groove should be a trifle 
larger than that of the conduit. There should be a block for each size 



Masonry / 

format Deter 


1 


Longitudinal Section Ptan 

Fig. 71.--Cold bending conduit with a jack screw. 

conduit, but sometimes a conduit can be successfully bent with a block 
for a larger size. If the groove does not fit, the pipe may crush. The 
iron strap reinforces the groove. The bolt should fit tightly the hole 
for it in the block, or the block Urn - *—I 

may crush. The radius R (Fig. Block j jl j 

66) should be not less than that tfc /S- ^ j 

of standard elbows (see Table y.rn_ 14'- _1) 

8°). jJ OSStT 

116. Threading Conduit.— Vy j flj i 

The same dies that are used by «£ Jf 

steam and gas fitters for thread- B Groove for Condu it fy” 


ing pipe are used for threading jw.I.Quard 

conduit. It is usual practice i Plate 

when a lot of conduit is received T-WBotf 

to rethread all the ends which Fig. 72. —Wooden foim foi bending 
may have become filled with conduit, 

paint or dirt or distorted by blows. Kethreading will save more than its 
cost in that it ensures rapid erection. Always reream conduit after cut¬ 
ting a thread on it. Pipe-threading machines for threading conduit, 
preferably those operated by motors, should be used on big jobs as they 
will soon pay for themselves in the time that they save. 


Jaw Frame 

- fmiX^ Nuf 


Re newer b/e Jaw 


Handle 
1 $MUon Wrench 

Fig. 73.- 


H Chain Wrench 
-Wrenches for conduit. 


116. Wrenches for Turning Conduit.—The form of wrench shown in 
Fig. 73, I appears to be the most popular for turning conduit. Chain 
wrenches (II) are not as yet much used for conduit work, but in instances 
where they have been tried they have proved very satisfactory. Their 
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advantages lie in the facts that they can be used with one hand after 
the chain is around the conduit and that they can be used in confined 
places and close to walls where a Stilson wrench could not be utilized. 

117. Conduit ends should always be reamed. A reamer like that of 
Fig. 74 which can be turned by a bit brace is a good tool for small and 

medium-sized conduit. For 
conduit of the larger sizes, 
reamers which have long handles 
attached, giving the needed 
leverage, can be obtained. 
When conduit is received, and 
after it is cut, the ends are fre¬ 
quently turned in (Fig. 75, 1) 
and, when screwed together in a coupling, form a knifelike edge which will 
abrade insulation. When the ends are properly reamed they appear as 
shown in Fig. 75, II, but if they are screwed together too tightly they 
may turn up as at I, defeating the thing that reaming should accomplish. 
Where no other tool is available, conduit can be reamed by hand with a 
half-round file. 



Brace 

Fia. 74.—A bit-brace reamer. 


^Coupling 




»> 

]Ends Should 

* 


L_ Abut - 

> 



I 


|X^>>>vv>vv>\y< 

r// 


Roamed 
/ Ends 




Conduit 



Ends Reotmed Ends Unneamed 

Fig. 75.—Reamed and unreamed conduit ends. 


118. The best tool for cutting conduit is a hack saw. Pipe cutters 
are frequently used but leave a large burr on the inside of the conduit, 
which takes time to ream out. While cutting, the conduit should be 
held in a vise. On jobs where there is a great deal of conduit to cut, 
the installation of a motor-driven, cold-cut-off saw, such as is used for 
cutting structural steel and rails, will prove economical. A rapidly 
rotating steel disk without teeth cuts the pipe. Water must be sprayed 
on the disk to keep it cool. 

119. Fishing wire is tempered steel wire of rectangular cross section. 
It is a grade of wire that is used sometimes for corset steels and can be 
obtained at corset factories and at electrical supply houses. A fishing 
wire is termed a “snake” by some wiremen (see Table 122). So that 
a fishing wire will slide readily past small obstructions, hooks should 
be bent in its ends as shown in Fig. 76. Before bending, the ends should 
be annealed by heating them to a red heat and allowing them to cool 
slowly. A small brass knob riveted to the end of a fishing wire (Fig. 77), 
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is better than a hook as regards the ease with which the wire can be pushed 
through conduit. Where fishing is difficult, it is sometimes necessary 
to push two “snakes” with hook ends into the wireway, one from each 
of the outlets, as shown in Fig. 76. The wires must be worked back and 
forth and twisted around until the two hooked ends engage. Then one 
wire can be pulled into the duct with the other. The Swan fishing wire 

Conduit 


hooks } 

Fig. 76.— Hooks bent in fishing-wire ends. 

stwhgm * d _ ri . BmssKhob 


Fishing Wire 

Plan Elevation 

Fig. 77.—Knob on end of fishing wire. 

for conduit, shown in Fig. 78, has a patented coupling on one end and a 
patented drawing-in eye on the other, which can be made to engage within 
conduit, as shown in the illustration. 

When fishing from two ends, as in Fig. 76, it is often advisable to tie 
a loop of cord, possibly 1 ft. long, in the hook of one wire and bend down 
the hook (Fig. 79). The other wire has an open hook which can be made 
to engage in the cord loop quite readily. It has been found that a fish 
wire will go through conduit more readily if prepared as in Fig. 80, by 


Coupling v Conduif^prawing-in-eye 



Strong cord or annealed iron wire' 

Fig. 80.—Fish-wire end prepared with cord. 


loosely winding the end with small wire or cord, so that the wire or cord 
cannot pull off. Oiling a fish wire or attaching an oil-soaked piece of 
waste to its end often helps in fishing conduit. 

120. Chain is used for vertical fishing. A small chain can be made to 
drop down a vertical wireway with little difficulty. Within a partition, 
the noise made by the lower end of a chain that is jiggled up and down 
will disclose its location almost exactly. 
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121. Galvanized-steel wire can be used for fishing. Any size from 
No. 14 up to, possibly, No. 6, as occasion demands, may be utilized, but 
in nearly every case the flat steel ribbon wire will be found preferable. 


122. Dimensions of Steel Pish Wire 


The J4~i n * width of wire is the size most frequently used. The wire 
is usually put up in coils of 50, 75, 100, 150, and 200 ft. 



Fig. 81.—Steel fishing wire. 


! 

1 V, width, in. 

T, thickness, in. 

Weight per 100 ft. 

Approximate price, cts. 

Per lb. 

Per ft. 

H 

0.015 

11 oz. 

00 0 

0.98 


0 030 

1 lb. 4 oz. 

00 0 

1.28 

He 

0.030 

1 lb. 14 oz. 

60 0 

1 70 

H 

0.030 

2 lb. 8 oz. 

60 0 

2 13 

He 

0.035 

3 lb. 8 oz. 

55 0 

3 00 

H 

0 035 

3 lb. 12 oz. 

55 0 

3 30 


123. In drawing wire into conduit it is a mistake to use so much force 
that the wire cannot be withdrawn. Conduits should be big enough 
so that excessive force is not necessary. Duplex No. 14 conductors can 
often be pushed through “easy” runs. Small conductors (Nos. 14 and 
12) can be pulled in with the fish wire. Figure 82 shows how they can 


Bar? Copper Wire 


Fish Wire 


Fig. 82.—Attachment of conductor to fishing line. 


be attached to the fish wire, and Fig. 83 shows how the attachment should 
be served with tape to render pulling easy. It spoils any fishing wire to 
draw in with it conductors that pull hard. 

Rubber Insulated mn> S S * rv p of Fricffon Ta P* 

Fig. 83.—Attachment taped over. 

For conductors larger than No. 12 and No. 14, unless the “pulls” 
are very easy, a pulling-in line which is drawn into the conduit with the 
fish wire should be used for hauling in the conductors. No. 10 or No. 12 
Birmingham wire gage galvanized-steel wire makes a good pulling-in 
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line and is probably better for heavy work than rope. Two strands can 
be used if necessary. Braided cord is better than twisted rope for a 
pulling-in line, because when tension is applied, the rope tends to untwist. 
Sash cord is satisfactory for light work. Galvanized-steel, pulling-in 
wire can be attached to fish wire as in Fig. 84. 

.. Oalv.SfeelWre 

Tishina Wire * Fme c °PP er ?P re "rapping PuUmg-inLin • 



Fio. 84.—Attachment of pulling-in line to fish wire. 

Three or four links from a chain of no greater diameter than the 
line should be made up in the end of a rope or cord pulling-in line. Wires 
to be drawn in or a fish line can be attached to the links (Fig. 85). One 
stranded conductor can be attached to a pulling-in line as in Fig. 86. 
The attachment should be taped over to make it smooth. If two con- 


Tape Serving * 


Rope dr awing-in line 


Fig. 85.—Chain links in end of pulling-in line. 

ductors are to be pulled in, one of them is ‘‘made up” into a loop in the 
end of the pulling-in line, as shown in Fig. 86. The insulation is trimmed 
from this conductor for 6 in. or more, and the bared end of the other 
conductor is made up about the first one, forming a long tapering con¬ 
nection. If a hard pull is expected, it is advisable to solder the con- 

Encts of wires serve d around CopperCable 

_ cond 


Top View 

Solder if hard pul/is expected 


Jba) v steel wire pulling 


Elevation 

Fig. 86.—Attachment of stranded conductor to pulling-in line. 

nection. The whole should be served with tape as in Fig. 83. If three 
wires are to be drawn in instead of two, the attachment is the same with 
the addition that the bared end of the third conductor is made up around 
the other two. The diameter at any section of the attachment must 
not exceed the over-all diameter of the wires, and the attachment should 
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be in the form of a conical wedge. It is sometimes necessary to cut off 
possibly half of the strands of the bared ends and make up only the 
strands that remain to ensure that the attachment will be of sufficiently 
small diameter. 

124. Force for pulling-in conduit is, in the case of easy pulls, supplied 
by men. Tackle blocks are permissible for heavy pulls. Cranes can 
often be used very effectively where they are available. Snatch blocks 
can be used to guide the pulling-in line to some point where it can be either 
pulled with the crane hook or by the crane in traveling along its runway. 
A lever can be used for hard pulls by either repeatedly fastening the 
pulling-in line to the lever or by gripping it with a pair of pliers and then 
prying against the pliers with the lever. Only a short pull is possible 
with each setting, and a succession of settings and pries is necessary to 
draw the conductor in. 

125. In feeding conductors into conduit, care must be taken that they 
go in symmetrically and without lapping or twisting. If one conductor 
crosses another it may make a hump that will wedge in the conduit. 
Soapstone blown into conduit renders pulling easier. One convenient 
way to get the powdered soapstone into the ducts is to place it in an elbow, 
place the elbow to the conduit, and then blow on the elbow. Powdered 
soapstone should be rubbed on the conductors as they are drawn into 
conduits, where the pulls are hard. 


FLEXIBLE-METAL-CONDUIT WIRING 

126. Flexible metal conduit (“Standard Handbook”) may be 
used for all kinds of wiring, being in some cases preferable to rigid 
conduit. Its installation is much easier and quicker than the installation 
of rigid conduit, the latter coming in short pipe 
lengths, whereas the former may be had in lengths 
of 25 to 250 ft., depending on the size of the conduit. 
Practically the same National Electrical Code rules 
apply to the flexible as to the rigid conduit. The 
rules governing the insulation on the wires are the 
same as for rigid conduit; outlet or switch boxes 
must be installed at all outlets or switches; the 
conduit must be continuous from outlet to outlet, 
must be securely fastened to the boxes, and must 
be provided with proper bushings. 

Flexible metal conduit consists of a single strip of galvanized steel, 
spirally wound on itself and interlocked in such a manner as to provide 
a round cross section of high mechanical strength and great flexibility. 

Its flexibility together with the continuous length procurable makes 
its use practicable when rigid conduit would be out of the question. 
For this reason it may be employed to advantage in finished houses and 
in frame buildings in place of the other forms of wiring so largely employed 



Fig. 


Clamp 


87.—E1 b o w 
clamp. 
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in these structures. The conduit is easily fished and requires no elbow 
fittings. These may be made with the conduit itself; but care should be 
exercised in properly fastening the conduit at elbows (Fig. 87). Fittings 
are on the market whereby changes from other forms of wiring may be 
easily made to flexible-conduit wiring. Iron plates should be used to 
protect the conduit from nails, where it passes through slots in floor beams 
or studding. 

127. Standard Sizes of Greenfield Flexible Conduit 



Fig. 88. —Greenfield flexible steel conduit. 


B, 

nominal 
inside 
diam., in. 

A, 

approxi¬ 

mate 

outside 
diam., in. 

Approxi¬ 
mate 
ft. in coil 

Approxi¬ 
mate 
weight 
per 1,000 
ft., lb. 

B, 

nominal 
inside 
diam., in. 

A, 

approxi¬ 

mate 

outside 
diam., in. 

Approxi¬ 

mate 

ft. in coil 

Approxi¬ 
mate 
weight 
per 1,000 
ft., lb. 

Me 

0.470 

250 

160 

m 

1.665 

50 

1,480 

% 

0.617 

250 

180 

1>2 

1.975 

25 

1,800 

H 

0.910 

100 

520 

2 

2.440 

25 

2,280 

H 

1.090 

50 

620 

2H 

3.000 

25 

2,840 

i 

1.400 

50 

1,180 

3 

3.350 

25 

3,000 


128. Installation of Flexible Steel Conduit.—Where exposed it may 
be clamped to the surface wired over, either with cable clips or with single¬ 
hole straps (Fig. 88A). For large sizes the two-hole, rigid-conduit 
straps may be used. Where concealed, they can be fished into place just 
as any concealed conductors are fished in. 



I-Staple clip 



I- Hook clip 


3Hr Single hole strap 


Fig. 88A.—Clip and straps for supporting flexible metal conduit. {General 

Electric Co.) 


For methods of supporting see Secs. 99 to 104 on supporting of rigid 
metal conduit. 

129. The number and size of conductors to install in flexible metal 
conduit is the same as for rigid metal conduit (refer to Sec. 88). 

130. Flexible steel conduit is joined with clamps as illustrated in Fig. 
89. Short lengths can be coupled to longer pieces with the clamp of I 
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and waste thereby prevented, 
rigid to flexible conduit. 


The clamp at II is used for coupling 



■*u-,r*xs F!ex,hle Con ff Mt™?* 

ctyt'CTvt 

\@r 

I Coupling H Coupling 

Fiu. 89.—Couplings for flexible steel conduit. 

131. Where elbows are formed in flexible conduit, some provision 
must be made to prevent the conduit from 
straightening out and thereby preventing 
the withdrawal of the conductors. Pipe 
straps can be used in some cases, and in 
others an elbow clamp (Fig. 87) can bo 
applied. 

132. Flexible steel conduit can be con¬ 
nected into steel boxes with the connector 
illustrated in Fig. 90. It is clamped to 
the armor with a bolt which ensures good electrical connection between 

armor and steel box. Figure 


91 shows flexible steel conduit 
connected into an outlet box. 

133. To cut flexible steel 
conduit a fine hack saw should 
be used. Special vises can be 
purchased which have a slot 
across their jaws to guide the 



"Lock Nut 


Fig. 90.—Connector 
attaching flexible steel 
duit to an outlet box. 



Fig. 91.—Flexible steel conduit outlet 
box. 



saw blade, the conduit being held between grooves in the jaws. 

134. For reaming flexible steel conduit a special reamer (Fig. 92) 
has been made, but inasmuch as the burr resulting from the hack saw 
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cut is very small it can be readily removed with a three-corned scraper 
made from a three-cornered file or it can be removed with an ordinary 
file. The reamer illustrated is for conduit of 1J£ in. or less diameter. 

185. Fish plugs for pulling in flexible conduit (Fig. 93) are furnished 
by the conduit manufacturer for J^-, and %-in. flexible conduit. 



Conduit 




Plug in Position 


Fig. 93.—Plug for pulling in flexible conduit. 


After the conduit has been cut off square in a vise with a hack saw the 
fish plug is screwed into the tube and the fish or drawing-in wire attached 
to the plug for pulling in. 

ARMORED-CABLE WIRING 

136. Armored cable (Fig. 94) consists of rubber-covered wire protected 
from injury and to a certain extent from dampness by one or two layers 
of flexible steel armor. The cable may be obtained leaded or unleaded, 
both being protected with the steel armor. The leaded cable differs 
from the unleaded in that it has a lead covering between the wire and the 
steel armor to protect it from excessive dampness. Both the unleaded 
and leaded cables arc made with single and multiple conductors of 



*Lead Shea fh 


Leaded Unleaded 

Ftg. 94.—Steel-armored conductors. 


almost any gage wire. The leaded armored cable is approved and can 
be used for all classes of work for systems of not more than 600 volts 
and where the temperature will not exceed 120°F. The unleaded cable 
may be used in dry locations if the voltage is not more than 600 and the 
temperature will not exceed 120°F. 

To properly install armored cables in new buildings, bore holes in the 
joists and partitions and place the cable in the same manner as wires in 
concealed knob and tube work; it should always be looped (sec Sec. 142) 
from outlet to outlet. Where the cable is placed in slots, nails are apt 
to be driven into it and, since it is not nailproof, it should be protected 
at such points with 0.125-in. iron plates. None of the cable should be 
installed until the roof and floor are in position. In running between 
joists and at outlets the cable should be securely fastened if possible with 
cable clips or straps so that in case the lock nuts or bushings should 
fall off at the outlet the fastenings will prevent the cable from pulling 
out of the box and becoming lost between the joists or studs. The clips 
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and straps are of the same type as illustrated in Fig. 88A for flexible 
metal conduit. 

The wires should extend about H it. beyond the outlet box in order 
to permit the proper connection of fixtures and switches. In some 
cities unleaded armored cable is not permitted to be plastered in brick 
walls or on metal partitions; but where allowed it should be cemented 
in place and allowed to stand several days before the walls are plastered, 
so that the cable will be protected from the dampness caused by the wet 
plaster. The unleaded cable should not be run under tile or cement 
floors until after these have been laid, because of the dripping water. 
Armored cable is the best substitute, not including rigid conduit, for 
concealed knob and tube work and also for raceway work. 

137. Manipulating Armored Cable.—It must never be spliced except 
at outlets. Many methods of fastening cable in outlet boxes are in vogue. 
Special brass terminal bushings or box connectors may be used. Outlet 
and switch boxes specially adapted for flexible armored cable are on the 
market. Many special cutters are on the market. The armor should 
be cut square so as not to leave sharp corners which cut into the insulation 
of the wires. 

138. For cutting the cable to length, a shear, bolt cutter, or hack saw 
may be used. At each outlet or junction box the armor must also be 



Fig, 95.—Method of cutting armor back from end of cable. 


cut back about 8 in. in order to leave sufficient free ends of wire for 
splicing. This cutting is done with a hack saw held so as to cut across 
the armor at an angle of about 60 deg. with the axis of the cable (Fig. 95). 
Great care must be taken not to cut into the insulation on the conductors. 
As soon as the hack saw has cut through the armor on one side of the 
cable the short piece of armor can be unscrewed from the main cable and 
slipped off the end. 

139. The wires at the ends of armored cable should be protected by 
means of fiber bushings. The fiber bushings employed for this purpose 
are called antishort insulating bushings (Fig. 96). The split bushing is 
pinched together and slipped over the wires inside the armor, as illustrated 
in Fig. 97. It protects the insulation of the wires from the rough edges 
of the cut ends of the armor. 
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Fig. 96.—Anti- 
short fiber bush¬ 
ing. 


Fig. 97.—Method of pro¬ 
tecting wires with antishort 
bushings. 



140. For fastening armored cable to outlet boxes a connector (Fig. 98) 
may be slipped over the end of the cable. The setscrew is tightened 
down against the armor. The threaded end of the connector slips into 
standard conduit knockouts, and the lock nut is then put on, holding the 
connector tight to the box. Another method is to use outlet boxes of 
the type shown in Fig. 99, which contain built-in cable clamps in which 
the clamp tightens down against the armor and holds it firmly in place. 



Fig. 98.—Box con¬ 
nector for amored cable. 
{General Electric Supply 
Corp.) 



Fig. 99.—Outlet box with 
clamps for armored cable. 
{General Electric Supply Corp.) 


141. Armored Cable for Old Building Wiring.—It can be used to great 
advantage in this work. An advantage possessed by it is that it can be 
run with almost utter disregard of its contact with pipes or other materials 
and can be fished for long distances. Its own weight is sufficient to carry 
it down partitions, and it is stiff enough to fish between joists without the 
use of a fish wire. It can also be installed quicker and with less cutting 
of walls, floors, etc., than can wires in flexible tubing or concealed knob 
and tube work, and, although a trifle more expensive, it makes a better 
job. Care should be taken in setting outlet boxes not to depend on laths 
to hold them, because almost invariably, in hanging and straightening 
fixtures, they are pulled loose if not securely fastened to a joist, stud, 
or backboard. 

142. The loop sysfem of wiring is nearly always used for concealed 
work in order to avoid the use of junction boxes. The conductors loop 
from one outlet to the next outlet, and splices are made only at outlet 
boxes. All splices must be accessible for inspection, and if a junction 
box is used the cover must be left accessible. 
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SURFACE METAL-RACEWAY WIRING 

148. Wiring in approved metal raceway can be used for exposed work 
for circuits having no wire larger than No. 6. Not more than 10 wires 
may be run in a single raceway. Metal raceway must be continuous 
from outlet to outlet, junction box, or approved fittings designed especially 
for use with metal raceway. All outlets must be provided with approved 
terminal fittings which will protect the insulation of conductors from 
abrasion, unless such protection is afforded by the construction of the 
boxes or fittings. Metal raceway should not be used in damp places. 

144. Wire for Metal Raceway.—Single-braid, rubber-insulated wire 
is approved. There is sufficient space in National Metal Molding for 
four No. 14 or No. 12 or three No. 10 or No. 8 single-braid, rubber- 
insulated wires. It is often necessary to insert this number at double-pole 
switch loops, etc. The two or more wires of an a-c circuit must be in 
the same raceway, and those of a d-c circuit should be, so that, if a change 
is made to alternating current, reconstruction will not be necessary. 

145. National metal raceway, called “La-in,” is made by the National 
Electric Products Corp. of Pittsburgh Pa. It consists of channel capping 
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Fig. 100.- -Dimensions of National metal raceway. 


that snaps over a channel base. The principal dimensions are given in 
Fig. 100. It is furnished in lengths of 8 ft. 4 in. It is obtainable either 
enameled or Sherardizod, a process whereby finely divided zinc is driven 
into the pores of the metal, forming an iron-zinc alloy which is thoroughly 
rustproof and which cannot be knocked off. Either water or oil paints 
adhere well to it. Because of the small space that metal raceway 
occupies it can be used to advantage on steel ceilings, in show windows, in 
showcases, and in other locations where appearance is a factor and where 
safety is essential. In installing National metal raceway, the channel 
base is fastened to the wall or ceiling with No. 8 wood screws or with 
%-i V\6i or J4-in. toggle bolts. The wires are then laid in and held with 
retaining clips, two of which are supplied with each length of raceway. 
Finally, the capping is snapped on, enclosing the other material. 

One-piece oval raceway intended principally for underplaster extensions 
is also available (see Sec. 187). 
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146. The application of National metal raceway and fittings is illus¬ 
trated in Fig. 101, an imaginary layout shown to indicate how the material 
may be used. 






Ficj. 101.—Application of metal raceway and fittings. 

147. Xtensionduct (Fig. 102) is a smaller size of La-in metal raceway, 
made in 5-ft. lengths. This size will take two No. 14 wires and is 
intended primarily to supply convenience outlets but in some cases is 
approved for supplying lighting outlets also. Most of the National 
devices and fittings have knockouts 

which will accommodate either the 
Xtensionduct or the standard La-in 
molding. Xtensionduct is assembled 
and fastened as described in Sec. 146 
except that No. 4 wood screws are 
used and the retaining clips are not 
needed. 

148. Florduct (Fig. 103) is designed to carry wires from the wall 
across the floor to desks in office occupancies. It is laid on the surface 
of the floor and is sufficiently shallow so that if located across aisles which 
are used only occasionally it does not present any hindrance to the 
occupants of the office. There are two sizes, the dimensions of which 
are shown in Fig. 103. The smaller size (Fig. 103, I) will take four pairs 
of telephone wire, ten annunciator or bell wires, or two No. 14 power 
wires. The larger size (Fig. 103, II) will take four No. 14 or No. 12 or 
three No. 10 or No. 8 power wires or eight pairs of telephone wires or 
26 annunciator wires. 


Fig. 102.—Xtensionduct. (Na¬ 
tional Electric Products Corp.) 
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I-Small size for telephone or annunciator wires 




/ J 

V 

J 

1 



V > 

b _ 


E-Larger size for 4 No. 14 or)2;3 No. 10 or 8 rubber covered wires 
Fig. 103. — Florduct. (.National Electric Products Corp.) 


149. To install Florduct on wood floors use No. 4 wood screws for the 
smaller size duct and No. 8 wood screws for the larger size duct. For 
stone or concrete floors drill a hole about 1 in. deep with a Jfg-in. drill. 
A Rawl-drive (Fig. 104) is then driven into the hole with a hammer and 
firmly grips the sides of the hole in the masonry. After the base of the 
duct is fastened in this way, the wires are laid in, and the capping is 
snapped over the base the same as with the other raceways. Figure 105, 

representing a completed 
installation of Florduct, 
shows the method of attach¬ 
ment to wall-mounted race¬ 
way and also shows some of 
the fittings. 

150. Wire mold metal 
raceway (Fig. 106, I) con¬ 
sists of a metal capping with 
its edges crimped over a 
slightly curved base. The 
capping is crimped on the 
base at the factory so that 
the capping and base arc 
installed as a unit. The 
wires are pulled through the 
raceway from fitting to fitting in a manner similar to that employed in 
conduit work. Wiremold is made in five different sizes. The dimen¬ 
sions and wire capacity of these different sizes are shown in Fig. 107. 

The No. 200 is supplied in 5-ft. lengths; the others in 10-ft. lengths. 
The lengths are fastened together with a coupling (Fig. 106, II) which 
is fastened to the wall surface with a wood screw or toggle bolt. The 
base of the raceway is slipped under the end of the coupling before the 
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sunk hole in base of 
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Fig. 104.— Method of fastening Florduct 
on masonry floor. (National Electric Prod¬ 
ucts Corp,) 
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screw or bolt is drawn up tight. A connection cover (Fig. 106, III) 
snaps over the ends of the raceway, closing the joint. Each section of 
raceway is secured at one or two intermediate points between the cou- 



Fig. 105. —Installation of Florduct and outlets. (National Electric Products 

Carp.) 

plings by means of either one- or two-hole straps (Fig. 106, IV and V) 
screwed or bolted to the wall surface. 

161. A comprehensive line of Wiremold fittings is manufactured by the 
Wiremold Co. The fittings and capping of Wiremold are finished in a 
neutral brown tint which blends well with 
most surroundings. The base of the race¬ 
way and the base plates of all fittings are 
given a special zinc treatment to prevent 
corrosion. 

162. Raceways may be extended through 
dry walls, partitions, and floors, if they pass through in unbroken lengths. 

163. Installing National Metal Raceway. Separating.—Reasonable 
care should be exercised in separating the backing and capping prepara¬ 
tory to installation. As the quickest, most satisfactory method, hooking 

X < *v 

n* Coup ling HI-Connection Ef-Two hole V- One hole 

cover strop strop 

Fig. 106, II, III, IV, and V.—Wiremold metal raceway and support details. 

one of the punched holes in the backing over a convenient nail or screw 
and drawing the capping off is recommended. 

Cutting.—Except in cases where the backing of the raceway passes 
through under the fittings and is not cut, backing and capping should 
be cut before being separated in all cases. The manufacturer's specially 
designed cutting machine is the most effective tool. A hack saw may be 


^IREMQIq 


Fig. 


106 , I.—Wiremold 

inetal raceway. 
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used. Because of the light stock, hack saw blades having fine teeth and 
commonly known as J tube saws” are preferable. Some construction 
men recommend marking deeply with a file and breaking 


r 2 *\ 

I No 200 Oj* 

Capacity 

Single conductor 

Capacity 
Twisted pair 

List price 
per ft 

Weight per 
100ft lbs 

*2 No 12 4-No 16 

2 No 14 4-No 18 

* For short runs 

2-No 16 

2 No 18 

2 No 19 

♦0 07S 

■ 

n 

1 No 8 6 No 16 

2 No 10 6 No 18 

2 ~ No 12 

*2 No 14 

* 3 No 14 for runs 
not over 30 ft 
between fittings 

2 No 16 

2- No 18 

3- No 19 


1 

h $ *f 

m- no ioo 

1 No 6 4 No 14 

1 No 8 10 No 16 

3- No 10 (0 No 18 

4- No 12 

4-No 16 
4-No 18 

4-No 19 

$0 115 

■ 

K 1 S //s H 

N -No 1000 


10- No 16 
10 No 18 

11- No 19 

#0225 

■ 

v- No iioo J tr 

3-No 6 9-No 14 
6- No 8 24 No 16 

7 - No 10 24 No 18 

9- No 12 

10 No 16 

10 No 18 

11 No 19 

Base$0150 
Cover $0085 

57 

26 


Tic, 107 —Dimensions and wue capacity of Wiremold. 


Bending.—The racevvav is readily bent and, with reasonable care, ma\ 
be woikcd to any radius down to one of 4 l 2 m Bends must be made 
in all c uses before backing and capping are 
sc pai ated 

Supporting.—The backing is punched and 
countersunk every 2 fl for the supporting sciews 
oi bolts The support so afforded will usually be 
found more than ample, but further support may 
be secured thiough either additional punching, with 
a special punch, or use of a metal raceway clamp 
Figure 108 shows a toggle-bolt support for metal 
raceway When the metal raceway is installed on 
uneven surfaces, such as the ceilings of old buildings, 
the capping has a tendency to spring away from the 
backing This may be overcome by the use pf two 
or three straps fastened over each length 



Fig. 108 —Toggle 
bolt being inserted. 
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Loose Capping. —If the capping of the raceway is loose, it should be 
removed from the backing and tightened by tapping it with a mallet at 
points 8 in. apart on one edge only. 

164. Metal raceway can be mitered for elbows and bends by cutting 
it with a hack saw. Elbows and bends thus made have the advantage 
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Fiu. 110.—Mitered elbows. 


that they fit into corners more closely than do the purchased fittings. 
Electrical conductivity is preserved by always leaving a portion of the 
backing intact. Figure 109 shows how a turn can be made, and Fig. 110 
shows the method for an elbow. 

ELECTRICAL-METALLIC-TUBING WIRING 

165. Wiring employing electrical metallic tubing is used principally 
for extension work in existing installations and for installations where 
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the arrangement of the branch circuits is likely to be changed frequently. 
The National Electrical Code allows the installation of electrical metallic 
tubing, either concealed or exposed, in dry locations, where either during 
construction or afterward it will not be subject to severe mechanical 
injury or to corrosive vapors. Electrical metallic tubing may be sup¬ 
ported in buildings of fire-resistive construction on the face of masonry 
or other material of which walls or ceilings are composed. It may then 
be buried in the plaster finish (see See. 186). Connections between 
lengths of tubing and between tubing and any fitting shall provide 
adequate mechanical strength and electrical continuity. Electrical 
metallic tubing should be used only for systems having a voltage of not 
more than 600. No wire larger than No. 0 should be installed in electrical 
metallic tubing. 

Table 156 gives the sizes and weights of electrical metallic tubing. 
Since the inside diameters are the same as those for rigid metal conduit, 
the same tables of number of allowable wires in a conduit apply to the 
tubing. The wall is thinner, however, and the outside diameters of 
tubing are less than those for conduit. The Code requires that bends 
in the tubing shall be so made that the tubing will not be injured and 
that the internal diameter of the tubing will not be reduced. The radius 
of the curve of the inner edge of any field bend must be not less than six 
times the internal diameter of the tubing where unleaded conductors are 
used, and not less than ten times the internal diameter of the tubing where 
lead-covered conductors are used. The regular metallic tubing has a 
round cross section and is made of galvanized steel. It is similar to rigid 
metal conduit but is made with a thinner wall of metal. Metallic tubing 
with an oval cross section is also made. It is called oval tubing and is 
designed for making undcrplaster extensions. It is practically the same 
as the oval metallic raceway mentioned in Sec. 146. For description of 
oval metallic tubing refer to Sec. 187. 


166. Electrical Metallic Tubing 

(Westinghouse Electric Supply Co.) 


Nominal size, in. 

Outside diam., 
in. 

Inside diam., 
in. 

Wall, in. 

Wt., lb. per 
ft.« 

H 

0 577 

0 493 

0 042 

0 268 

Vz 

0 70(5 

0 622 

0 042 

0 332 

K 

0 922 

0 824 

0 049 

0 510 

1 

1 165 

1 049 

0 058 

0.765 

IK 

1 510 

1 380 

0 065 

1.12 

W 

1.740 

1 CIO 

0 065 

1 30 

2 

2 197 

2.067 

0 065 

1 65 


• Variations from these weights must be expected in practice. 
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157. All outlet boxes and fittings for use with electrical metallic tubing 
must be of the threadless type, since owing to the thin wall it is not per¬ 
missible to thread the tubing. Special threadless fittings similar to those 
employed for standard rigid conduit are manufactured for tubing. 
Standard rigid conduit fittings may be used with tubing if an adapter 
is employed. Sections of tubing may be joined by means of threadless 
couplings, which are available in steel and malleable-iron construction. 
Tubing is connected to outlet boxes by means of connectors. One end 
of the connector is made for threadless attachment to the tubing, and 
the other end is threaded and supplied with a lock nut for attachment 
to the box through a knockout. Watertight connections can be made to 
the tubing with the couplings and connectors. Standard 90- and 45-deg. 



Fig. 111.—Standard radius, 90- Fig. 112.—Standard radius, 45- 
deg. elbow. deg. elbow. 

elbows (Figs. Ill and 112) are attached to the tubing by means of the 
above-described couplings. The dimensions of standard elbows are 
given in Sec. 158. Watertight elbows and angle box connectors are 
available with the ends fitted with threadless fittings. The tubing 
should be supported at the same intervals as given in Sec. 100 for rigid 
metal conduit. Single-hole pipe straps similar in appearance to those 
used for rigid conduit, as shown in Fig. 53.4, are generally employed. 

158. Dimensions of Standard Elbows for Electrical Metallic Tubing 

(Westinghouse Electric Supply Co.) 
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NONMETALLIC-SHEATHED -CABLE WIRING 

159. Nonmetallic-sheathed cable is used for the wiring of new and old 
residences and for small offices and stores. It is frequently employed for 
extensions to existing installations and is sometimes used in small apart¬ 
ment houses. Nonmetallic-sheathed cable may be run either exposed 
on ceilings and walls or concealed in hollow partitions or between floors 
and ceilings. Nonmetallic-sheathed cable provides a reasonably safe 
and reliable wiring installation of low first cost. It must not be used 
in damp locations or on circuits exceeding 600 volts between conductors. 
It must not be installed in concrete walls or floors, or concealed in the 
plaster finish of walls. Most inspection departments will permit its use 
when installed concealed in furred walls and ceilings. 

160. Nonmetallic-sheathed cable (Cable 22, Table 137, Div. 2) is manu¬ 
factured in both two- and three-conductor cables. Each wire is insulated 
with rubber of the same grade and thickness as required on rubber- 
insulated wires, except that the neutral conductor may be uninsulated. 
Each insulated conductor is protected by means of a cotton-bound 
paper sheath, over which is served tough fibrous tapes. The two 
or three conductors are then bound together by means of an extra-heavy, 
triple-weight braid. The outer braid and inner sheaths are treated with a 
special fire- and moisture-resisting compound. (See Table 160, Div. 2, 
for complete information on various sizes of nonmetallic-sheathed cable.) 

161. When nonmetallic-sheathed cable is installed exposed, it is 
supported directly on the walls or ceiling with straps. For three-wire 
cable, ordinary pipe straps are used. Standard %-in. pipe straps fit 
Nos. 14(3), 12(3), and 10(3) sizes of sheathed cable; J^-in. pipe straps are 
required for No. 8(3); %-in. straps for No. 6(3); and 1-in. straps for No. 
4(3). For two-wire cable, special flat straps are required, which are 
available from the different manufacturers of nonmetallic-sheathed cable. 
The distance between supports must not be greater than ft. The 
cable must follow the surface of the wall or ceiling and not break from 
beam to beam. Whenever nonmetallic-sheathed cable is run exposed 
within 5 ft. of the floor, it must be suitably protected against mechanical 
injury. This protection may consist of a wooden or metal protecting 
strip or a piece of conduit or iron pipe. It is preferable to use either 
conduit or iron pipe, since either conduit or iron pipe must be used where 
the cable passes through floors. If the cable is located behind more or 
less fixed furniture such as refrigerators, kitchen cabinets, etc., the pro¬ 
tection on the side walls may be omitted. Where nonmetallic-sheathed 
cable passes through floors, it must be protected by a length of iron pipe 
or conduit extending through the floor and to a height of at least 6 in. 
above the floor. 

162. When nonmetallic-sheathed cable is installed concealed in new 

buildings, the cable is fastened to the joists or beams by means of straps. 
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The distance between supports should not be greater than 4*£ ft. In 
wiring finished buildings, when it is impracticable to support the cable 
between outlets, it may be fished from outlet to outlet in the same 
manner as armored cable. Where the cable is run through holes bored 
in studs, joists, etc., no protection is required. The holes should be bored 
as near to the center of the timber as possible and not less than 2 in. from 
the edge. The approved method of installing nonmetallic-sheathed cable 
in a new building is shown in Fig. 113. Most inspection departments 
will allow nonmetallic-sheathed cable to be run concealed in furred 



Fig. 113.—Method of installing noli- 
ii)etallie-sheathed cable concealed in new 
buildings. 


Furring Strip 



Fig. 114.—Non¬ 
metallic-sheathed 
cable installed con¬ 
cealed in a furred 
partition. 


walls or partitions, as shown in Fig. 114. Usually it is also permitted to 
pass the cable directly through holes in brick or tile walls without the 
protection of a length of iron pipe or conduit. 

163. No joints or splices should be made in nonmetallic-sheathed-cable 
wiring except in outlet or junction boxes, this rule applying for both 
exposed and concealed installation. The loop system is employed 
generally for concealed work. The cable is looped from outlet to outlet, 
and the use of junction boxes is avoided. 

164. Bends in cable (National Electrical Code) shall be so made, and 
other handling shall be such, that the protective coverings of the cable 
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will not be injured, and no bend shall have a radius less than five times 
the diameter of the cable. 

165. An approved outlet box or fitting must be provided at all outlets 
or switch locations. The cable must be attached to the box with some 
form of approved device which will substantially close the opening in the 
box. This connection of the cable to the box may be accomplished by 
means of a box with a built-in clamp as shown in Fig. 115, or a squeeze 
connector (Fig. 116) may be employed with a box having conduit 
knockouts. 



Fig. 115.—N oil me talli (‘-sheathed Fig. 116.—Squeeze connector for 

cable attached to outlet box by attaching nonmetallic-sheathed cable 
means of built-in clamp. to outlet box. 

166. Where the National Electrical Code rules require that outlet boxes 
be grounded, nonmetallic-sheathed cable can be obtained with a bare 
grounding wire built into the cable under the outer sheath. This 
grounding wire should be ripped back out of the cable for 6 or 8 in., 
before the cable is secured to the outlet box. If outlet boxes with built-in 
clamps are employed, the required contact between the box and the 
grounding wire is made by means of a small copper clip. The connection 
is made by bending the grounding wire back along the cable and fastening 
the clip over the grounding wire and cable. The built-in clamp in the 
box presses down upon the grounding clip and ensures the required 
contact. These copper grounding clips can be obtained from most 
manufacturers of nonmetallic-sheathed cable. Most squeeze connectors 
are provided with two washers under the screw of the clamp. The 
grounding wire can be secured between these two washers (Fig. 116). 

167. Boxes of insulating material (Fig. 117) may be used with non¬ 
metallic-sheathed cable instead of metal boxes. With these boxes, 
grounding is eliminated, and it is not necessary to use a cable containing 
a grounded conductor. The boxes shown in Fig. 117 are made of porce¬ 
lain and may be obtained with either glazed or unglazed finish. They 
are used in the same way as metal boxes except that the cable is not 
fastened to the box but must be fastened to the building structure within 
6 in. of the box. Thin sections of porcelain are knocked out to provide 
openings to bring the cable into the box. Nonmetallic covers must 
be used with devices in these boxes. The octagonal box (Fig. 117, I) 
is used for wall-bracket and ceiling outlets. A metal fixture stud must 
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be bolted to the box through the holes provided for the purpose. The 
switch box (Fig. 117, II) is used for switches or convenience outlets with 
concealed wiring. The shallow switch box (Fig. 117, III) is used for 
switches and convenience outlets with exposed firing. 



I*Octagonal outlet box E- Switch box IE- Shallow switch box 

Fig. 117. — Outlet boxes of insulating material. {General Electric Supply Co.) 

168. A line of outlets for surface mounting with exposed nonmetallic- 
sheathed-cable wiring is available (Fig. 118). They are made of porcelain 
with an attractive brown finish. A clamp inside the case holds the cable. 
There are terminal screws near each end so that cables may be brought 
in from both ends. 



I- Switch with E- Receptacle n* Pull chain lampholder 

through feed with double with double 

coble openings coble openings 

Fig. 118. —Surface outlets for use with nonmetallic-sheathed cable or armored 
cable. {Pass & Seymour , Inc.) 

169. Methods of installing nonmetallic-sheathed cable in accessible 
attics or roof spaces are shown in Fig. 119. When the cable is run 
through bored holes in floor joists or in rafters or studs within 5 ft. of 
the floor, the cable should be protected by running boards which extend 
at least 1 in. beyond each side of the cable, as at A. When the cable is 
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carried across the top of floor beams or across the face of rafters within 
5 ft. of the floor, the cable should be protected by guard strips, as shown 
at B. The cable may be supported along the sides of rafters, studs, 
or floor joists without any additional protection such as running boards 
or guard strips, as at D. 

170. If thermal insulation is used in the hollow spaces of walls and 
ceilings in which nonmetallic-sheathed cable is installed, only approved, 
noncorrosive, noncombustible, nonconducting materials shall be used, 



Fig. 119.—Methods of installing Fig. 120.--Methods of installing 
nonmetallic-sheathed cable in acces- nonmetallic-sheathed cable in un- 
sible attics or roof spaces. finished cellars or basements. 


and these shall be applied in a manner not apt to place a strain upon the 
cable, its supports, or terminal connections. 

171. Methods of installing nonmetallic-sheathed cable in unfinished 
cellars or basements are shown in Fig. 120. The cable may be run 
through bored holes in the floor joists and along the sides or faces of joists 
without any additional protection such as running boards or guard strips, 
as shown at A and B. When the cable is run at angles across the bottom 
faces of floor joists, the cable must be supported on the underside of 
running boards not less than % by 1 % in., as shown at C\ 

INTERIOR WIRING WITH SERVICE-ENTRANCE CABLE 

172. Service-entrance cable of Types SE or ASE may be employed 
for interior wiring, installed either concealed or exposed. The con¬ 
struction of these cables is described in Div. 2. Cables with all the 
conductors rubber insulated may be used for general interior wiring. 
Those without insulation on the grounded conductor may be used only 
on systems not exceeding 150 volts to ground, for range circuits, or as 
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feeders to supply other buildings from the one containing the master 
service-entrance equipment. The cables with noninsulated ground 
conductor must have a final nonmetallic outer covering. Type SE cable, 
which does not have a metal armor, must be installed in accordance with 


m 



I. Watertight seiew connector. II. Nonwate*tight connector. 

Fiii. 121.—Box conneetoib for set vice entiance cable. ( General Electric Co.) 

the rules for nonmetallic-sheathed cable as discussed in Secs. 159 to 171. 
Type ASF1 cable, which has an interlocking metal armor, must be 
installed in accordance with the rules for armored cable as discussed in 
Secs. 136 to 141. 

The principal use of service-entrance cable for interior wiring is for 
branch circuits supplying ranges 


Type SE or 
type ASE 
cable '■ 


Cable 

straps 



nn 


or water heaters and in farm 
wiring as feeders from the master 
service to supply the other 
buildings that are wired for elec¬ 
tricity. The cable is supported 
on the building structure by 
means of single-hole cable straps 
made m different sizes to accom¬ 
modate the size of cable. They 
are similar in appearance to 
those used for rigid conduit. 

Connection to switch or outlet 
boxes is made by means of a connector (Fig. 121), which is made in 
watertight and non water tight types. A typical range installation is 
shown in Fig. 122. 


Range receptacle 


Box connectors 

'Meter service 
range swi tch 

Fig. 122. —Installation of electric range 
wired with service entrance cable. 


NONMETALLIC SURFACE EXTENSION WIRING 

173. Nonmetallic surface extensions are two-wire assemblies designed 
to be fastened to the wall or baseboard to supply additional convenience 
outlets from an existing convenience outlet. The existing outlet has 
to be supplied from some other approved method of wiring. Figures 123 
and 124 illustrate two types of nonmetallic surface extensions. The 
Electrotrim (Fig. 123) consists of an assembly of two No. 14 rubber- 
covered wires without braid sewed into a specially treated fabric. Tacks 
or nails may be put through the under layer of the fabric between the 
wires for securing the assembly in place. The top layer of fabric forms a 
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flap and covers the heads of the tacks and nails. Addhere (Fig. 124) 
consists of a high grade of rubber molding in which two No. 14 bare 
stranded conductors have been placed. A special cement is supplied 
by the manufacturer, by means of which the assembly can be firmly 

secured to the surface of almost 
any material used for interior 
finish. With the Electrotrim a 
special plug is fastened to the end 
of the strip and plugged into the 
existing outlets. With the 
Addhere the existing outlet is 
removed and remounted on a special %-in. box extension into which the 
strip runs. The wires are terminated on the binding posts of the receptacle 
outlet. The new outlets to be supplied are of a special type for use with 



Fio. 


123.—Electro trim. 
Inc.) 


(.Electrotrim 


these materials. 

174. Nonmetallic surface extensions may 

be used only in dry noncorrosive-vapor loca¬ 
tions in residences and offices for not more 
than 150 volts. They must not be run 
closer than 2 in. from the floor and must not 
be run outside the room in which they 
originate. They must be fastened at least 
every 8 in., except that the first fastening 


Permanent tape 



Special 
40% rubber 


'No. 14 Conductors 
Protective tape, to be 
removed before installing 

Fig. 124.—Addhere. (. Bry¬ 

ant Electric Co.) 


from the attachment plug at the supplying outlet may be 12 in. from the 
plug. Since these materials are several times as expensive as armored 
cable or nonmetallic-sheathed cable, they, should be used only for loca¬ 
tions where the labor cost for fishing through the 
_ ■ partition with cable is considerably greater than the 

\ ^ * labor cost for installing the surface extensions. 


.y 



NONMETALLIC WATERPROOF WIRING 


Fig. 125.—Cable 
hanger for non¬ 
metallic waterproof 
wiring. ( Mineral - 
lac Electric Co.) 


175. Nonmetallic waterproof wiring consists of 
rubber-sheathed, multiconductor cable run exposed 
and supported on insulators. The rubber sheath¬ 
ing and insulation must be composed of a waterproof 
rubber compound, Type RW. It is used, subject to 
the approval of the authority enforcing the Code, in 
wet locations and where subject to mildly corrosive 
vapors. Typical installations are breweries, ice plants, and cold- 
storage warehouses, for installations where the voltage does not exceed 
300 between conductors or 150 to ground. The main conductors must 
be not smaller than No. 12, but the cable may contain a No. 14 
grounding conductor, provided the circuit overload protection does not 
exceed 30 amp. The cable must be supported every 3 ft. with special 
insulating hangers (Fig. 125). All outlets must be of the vaporproof 
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type. Conduit fittings are employed for outlets with the cable attached 
through an assembly which will provide a moistureproof seal (Fig. 126). 
When the cable passes through walls or is subject to mechanical injury, 
it must be enclosed in rigid conduit, electrical metallic tubing, or insulat¬ 
ing tubing (loom), 


the ends of which 
must be sealed as in No. I2 X 

Fig. 126. No. 14^ 

UNDERFLOOR NoJ2* 
RACEWAY WIRING 


Soft 
, rubber 
\ gasket 


176 Underfloor ^ IQ ‘ —Moistureproof seal for connecting non- 
metallic waterproof wiring into conduit fittings. 

raceway systems are 

used principally in office buildings for the installation of the wiring for 
telephone and signal systems, and for convenience outlets for electrically 
operated office machinery. They provide a flexible system by means of 
which the location of outlets may be easily changed to accommodate the 
rearrangement of furniture and partitions. The National Electrical Code 
allows their use only in buildings of fireproof construction when embedded 
in the concrete or in concrete fill of the floors. Their installation is allowed 
only in dry locations which are free from corrosive or hazardous condi¬ 
tions. No wires larger than No. 4 may be installed in an underfloor race¬ 
way. Underfloor raceways can be used only on systems of 600 volts or 
less. The total cross-sectional area of all conductors in a duct must not 
be greater than 40 per cent of the interior cross-sectional area of the duct 
unless the raceway contains only armored or nonmetallic-sheathed cable. 

177. An underfloor raceway system consists of ducts laid below the 
surface of the floor and interconnected by means of special cast-iron 
floor junction boxes. The ducts for underfloor raceway systems are made 
of either fiber or steel. Fiber ducts are made in two types, the open- 
bottom type and the completely enclosing type. Steel ducts are always 
of the completely enclosing type, usually having a rectangular cross 
section. In the underfloor raceway system, provision is made for outlets 
by means of specially designed floor-outlet fittings which are screwed into 
the walls of the ducts. When fiber ducts are employed the duct system is 
laid in the floor without any openings or fittings for outlets. After the 
floor has been poured and finished as desired, the outlet fittings are 
installed at any points along the ducts at which outlets are required. 
The method of installing outlet fittings is described in Sec. 184. When 
steel ducts are employed, provision for the outlet fittings must be made 
at the time that the ducts are laid, before the floor or floor fill is poured. 
The steel ducts are manufactured with threaded openings for outlet 
connections at regularly spaced intervals along the duct. During the 
installation of the raceway and the floor these outlet openings are closed 
with specially constructed plugs whose height can be Adjusted to suit 
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the floor level. The shapes and dimensions of the different types of duets 
for underfloor raceways are shown in Fig. 127. 

178. General Rules for the Installation of Underfloor Raceways.— 
In general, underfloor raceways should be installed so that there is at 
least in. of concrete over the highest point of the ducts. However, 
in offices, metal flat-top raceways, if not over 2 in. wide, may be laid 
flush with the concrete if covered with substantial linoleum or equivalent 
floor covering. Flat-top ducts should not be over 4 in. wide unless 
covered with at least in. of concrete. When ducts are placed side by 
side, the National Electrical Code rules require that there be at least in. 
of concrete between the ducts. It is standard practice to allow %-in. 
clearance between ducts run side by side. The center line of the ducts 
should form a straight line between junction boxes. All joints in the 
raceway between sections of ducts and at junction boxes should be made 


I- Steel under floor raceway H- Nepcoductsteel under floor raceway 

(Walker Bros.) (Manufactured by Nat'I.EIec.ProductsCorp) 


VTtfl \*t--2 7 /q - -A 








/’“’N 


TT 


U— 4'/2-—A U.1 U-—4%r-’A 

Closed bottom Open bottom 

HI- Under floor raceway E7- Fibre under floor raceways 

(G.E.Fibre) (Fibre Conduit Co.) 

Fig. 127. Dimensions of ducts for underfloor raceways. 


waterproof. Metal underfloor raceways must make good electrical 
contact at all joints in the duct runs and at junction points so that the 
raceway will be electrically continuous. Metal raceways must be prop¬ 
erly grounded. 

Wires of signal or telephone systems must not be run in the same duct 
as wires of lighting systems. Combination junction boxes accommodat¬ 
ing the two or three ducts of multiple-duct systems may be employed, 
provided separate compartments are provided in the boxes for each 
system, and the same relative location of compartments for the respective 
systems is maintained throughout the installation. 

The wires installed in underfloor raceways must be rubber-insulated, 
braid-covered, armored cable, or nonmetallic-sheathed cable. Single¬ 
braid wires are not allowed in the open-bottom type of raceway. All 
joints and taps must be made in the junction boxes. No joints or taps 
should be made in the ducts of the raceway or at outlet insert points. 

179. Junction boxes for use with underfloor raceways are specially 
constructed cast-iron boxes. They are available in single-compartment 
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types and in combination boxes to accommodate multiple-duct systems 
having two or three raceways run side by side. The general construction 



Cover Housing 
'Adjustable to 
Floor Level 


JCorners can be 
'' Drilled and Tapped 
:for V/ 4 . in. Conduit 


Fig. 128.—Single-compartment floor junction box. 


of the junction boxes is similar for boi 
typical single-compartment box is 
illustrated in Fig. 128, and a two- 
compartment box in Fig. 129. Most 
boxes are equipped with leveling 
screws so that the boxes may be 
leveled up with the duct runs. The 
covers of the boxes also are adjustable 
with respect to height so that they 
may be accurately leveled to agree 
with the surface of the finished floor. 
Different types of covers are available 
that will be suitable for the different 
types of floor finishes. With plain 
cement-finished floors a plain brass 
cover set flush with the floor (Fig. 
130) is sometimes used. In other case 


fiber- and steel-duct systems. A 



Fig. 129. —Two-compartment 
floor junction box for accommo¬ 
dating double-duct system. 


a recessed cover filled with cement 



Fig. 130.—Floor junction box cover for cement-finished floor. 

Electric Products Corp.) 


.•Linoleum n Linoleum Insert Linoleum . 






W/stnsssssHt 

SHI 




Spacers 

Fig. 131.—Floor junction-box cover for linoleum-covered floors. 

Electric Products Corp.) 


(,National 


(National 


is employed. For linoleum- or cork-covered floors a cover with a recess 
for a cork or linoleum insert is provided, as illustrated in Fig. 131. For 
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marble or hardwood floors a recessed 
cover with a marble insert (Fig. 132) 
may be employed. With the recessed 
covers only a thin ring of brass shows 
in the finished floor, marking tie loca- 
Fig. 132.—Floor junction-box tion of the junction box. 
cover for marble floors. ( National 180. Installation of Steel-duct 

Electric Products Corp.) Raceways.—The method of installing 

Nepcoduct, the steel-raceway system manufactured by the National 




WILLING HOLES IN CONCRETE FOR EXPANSION BOLTS 
OR PUNCHING HOLES IN TILE FOR TOGGLE BOLTS 




Chalk Line 

Centerline « / 


Center Line 
between Ducts 


Naff Cat No 2159 


Minimum Hcightand Sturdy 
Construction to Withstand 
Abuses of Building Operations 

ALTERNATE 

PUNCHING HOLES IN TILE FOR TOGGLE WIRES 



ASSEMBLING SADDLE TO BASE FASTENING DUCTS IN SADDLE SUPPORT 

Fig. 133.—Method of installing stool underfloor raceway. (National Electric 

Products Corp.) 


Electric Products Corp., in the concrete fill of floors is illustrated in Fig. 
133. The ducts are supported by 
means of saddle supports, which con¬ 
sist, as shown in Fig. 134, of two de¬ 
tachable parts, a base and saddle. 

These supports are available for single¬ 
duct runs and in various combinations 
for supporting multiple-duct runs. 

Supports should be located not more 
than 5 ft. apart. After the locations of 
junction boxes and duct runs have 
been marked out, the bases of the Fl °- 134.—Saddle support for 

saddle supports are fastened to the under fl 0 or duet. (National Elec 
floor by means of expansion bolts for trie Products Corp.) 
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concrete construction or by means of special toggle wires for hollow-tile 
work (see Fig. 133). The saddle is then assembled to the base, and the 
ducts fastened to the saddle by means of the tie wires. The complete 
raceway is then leveled and adjusted to the proper height by means of the 
height-adjusting bolts of the saddles and the leveling screws of the coup¬ 
lings and junction boxes. The adjacent sections of duct are fastened 



Fig. 135. Coupling for 
steel undei floor i aceway. 
(National Electric Products 
Corp.) 



Fig. 136.—Appearance of out¬ 
let opening in steel underfloor 
raceway with opening closed by 
means of outlet plug. 


together by means of duct couplings (Fig. 135). The pointed setscrews 
of the couplings fasten the duct to the coupling and at the same time 
provide an electrical ground connection between the duct and coupling. 
Special fittings are available for connecting ducts and junction boxes to 
conduit, for connecting ducts directly to distribution cabinets, for blank¬ 
ing off the ends of ducts, etc. 

The outlet openings in the ducts are closed by means of outlet plugs 
whose height may be adjusted to coincide with the floor level. A marker 


Escutchon 
l Marking Screw 

• Linoleum 
l “Outlet Plug 

Sieel 
Raceway 



Fig. 137.—Outlet opening in 
steel underfloor raceway closed 
with outlet plug and concealed 
with linoleum floor covering. 



Fig. 138.—Outlet opening 
m steel underfloor raceway 
concealed by wood floor until 
outlet is needed. (National 
Electric Products Corp.) 


screw may be inserted in one plug of each 10-ft. length of duct, if it is 
desired to facilitate the location of the outlets. The appearance of a duct 
after the installation of the floor fill with an outlet opening closed by 
means of an outlet plug is as shown in Fig. 136. When the floor is covered 
with linoleum, rubber, cork, etc., the outlets are not extended through 
the covering until needed. It is good practice to indicate the location 
of the outlet inserts by means of an escutcheon marking screw in the plugs 
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on each side of the junction boxes, as indicated in Fig. 137. Wood or 
marble floors may be laid over the outlet inserts (Fig. 138), and the outlets 
are not extended through the finished floor until actually needed. 

When the raceway is installed in the concrete of the floor, the ducts are 
supported from the forms by means of the saddle supports, and the whole 
system is accurately leveled and adjusted for the proper height by means 
of the leveling screws and bolts on the fittings and saddle supports, before 
the floor is poured. In concrete-joist construction where the building 

codes will not allow the 
saddle support to be 
mounted directly on the 
concrete pans, a saddle 
bridge must be used to 
support the duct saddles. 
This method of installa¬ 
tion is shown in Fig. 139. 

181. Installation of 
Outlet Fittings in Steel- 
duct Raceway Systems. 
When a duct outlet is to 
be used for service, the 
small amount of concrete 
is removed from the top 
depression of the outlet 
plug. The plug is re¬ 
moved by unscrewing it 
from the duct with a 
plug-removal wrench. The removal of the plug forms a neat preformed 
passage through the concrete to the duct-outlet opening. The necessary 
wires are pulled in from the nearest junction box and threaded through 
the service fitting. The service fitting is then screwed into the duct 
outlet opening, and the floor flange adjusted. 

182. Installation of Completely Enclosing Fiber-duct Raceways.— 
Completely enclosing fiber-duct underfloor raceways may be installed 
in either the concrete or the concrete fill of floors in a manner similar to 
that, described for steel-duct raceways in Sec. 180. With the fiber-duct 
raceways there arc no preinserted provisions for outlets. The fiber 
ducts are laid in the floor without any openings for outlets. After the 
finished floor has been laid, an outlet may be provided at any point 
desired along the duct runs, as described in Sec. 184. The main compo¬ 
nent parts of a fiber-duct underfloor raceway system with their relation 
to the floor are illustrated by the model shown in Fig. 140. The different 
sections of duct are clamped together by means of a combination steel 
coupling and support provided with leveling screws for leveling the runs 
and adjusting to the proper height. The joints between sections of duct 



Fig. 139.—Method of supporting steel under¬ 
floor raceway in concrete-joist construction. 
(National Electric Products Corp.) 
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should be wrapped with a strip of 2-in. friction tape to assure a watertight 
joint. At junction boxes and fittings the ends of the ducts should be 
securely grouted into the box or fitting or sealed with pitch. 

In some installations the 


raceways have been installed 
in the concrete fill of floors 
without the use of any cou¬ 
plings between sections of 
duct and without supporting 
saddles. The ducts were laid 
and leveled directly in the 
cinder fill. The ducts were 
held in place until the pour¬ 
ing of the concrete-floor fill 
by means of a couple of 
shovels of cement mortar 



thrown around the joints in 
the runs. 

183. Installation of Open- 
bottom, Fiber Underfloor 
Raceways. The open-bot¬ 
tom type of fiber underfloor 
raceway can be laid only in 
the concrete fill of floors and 
not in the concrete floor 
proper. A smooth pad of 
concrete (Fig. 141) at least 1 
in. in thickness, must be 
provided under the ducts. 
This pad should extend at 
least 1 in. on each side of the 
raceway. Where transverse 
runs of conduit are encoun¬ 
tered, the concrete pad may 
be reduced to 1 £ in. in thick¬ 
ness. At the points of 


Fio. 140. -Model illustrating component 
parts of a completely enclosing fiber undei- 
floor raceway installation. (General Elec¬ 
tric Co.) 

1. Lighting circuit outlet with brass 
standpipe and bakehte head. 2. Brass floor 
flange which fits flush with linoleum floor 
covering. 3. Top of General Electric 
Fiberduct is approximately 1 in. below 
surface of concrete. 4. Combination cou¬ 
pling and support. Note the leveling screws 
and locking nuts. 5. Brass insert grouted 
into concrete floor; it can not pull out. 6. 
The adjustable cover is recessed to receive 
a linoleum disk so that only the screws and 
narrow brass rings are visible. 7. The 
heavy brass insert readily threads itself 
into the duet. 8. Enameled cast-iron junc¬ 
tion box; note leveling screws. 9. “G-E 
White” rigid conduit threaded into box for 
feeder lines. 10. “G-E Fiberduct”—the 
oval top molds a concrete arch assuring 
maximum strength and eliminating the 
possibility of floor cracks. 


crossing another duct or conduit the pad is not required, if a fitting is 
employed (Fig. 142) which will completely enclose and protect the wires. 
After the concrete pad has been laid, the locations for the ducts are 
marked with a chalk line, and the junction boxes and elbows set. The 
location of the boxes and elbows should be marked so that they may be 
easily relocated, if they should be knocked out of place during the laying 
of the duet. After the boxes and elbows are set the ducts are put in place 
along the chalk lines. The connection between different sections of duet 
and between ducts and junction boxes is made by means of slip joints. 
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Three different methods have been employed for securing the raceway 
m place. One method consists of pouring a hot pitch compound along 

the edges of the ducts and 
over the joints. Another 
method is to throw shovelfuls 
of cement mortar along the 
edges of the ducts and over 
the joints In some cases 
the raceway has been held in 
place by means of wire ties 
located every 2 ft. along the 
ducts. The tie wires were 
simply fastened to the con¬ 
crete pad by means of a nail 
at each end. 



Fig 141.—Installation of open-bottom 
type of fiber underfloor raceway. (Fibre 
Conduit Co ) 


The time required for the cutting of the duct can be greatly reduced 
by the use of a semicircular-bladed chisel, coinciding in shape with the 
inside contour of the duct, 
and a concave anvil which 
conforms in shape to the 
outside of the duct 
Sawing of the fiber duct 
consumes considerable 
time. With the use of the 
anvil and chisel a single 
sharp blow will cleanly cut 



Fig. 142.- 


-Crossunder fitting. 
duit Co.) 


(Fibre Con- 


the duct. 

184. Installation of Outlet Fittings in Fiber-duct Raceway Systems.— 
The following procedure should be employed in installing an outlet 
fitting at any point in a fiber underfloor raceway of either the completely 
enclosing or the open-bottom type. The special tools provided by the 
manufacturers for this purpose should be used in order to ensure satis¬ 
factory workmanship. 

1. Locate duct by drawing straight line from center to center of 
junction boxes, marker screws, or existing or abandoned outlets. 

2. Establish desired location of outlet anywhere on this line to within 
8 in. of center of junction-box cover. 

3. If floor is covered with linoleum, cork, etc., cut hole in covering 
with special cutter (Fig. 143). 

4. Chip out concrete, until top of duct is exposed. The hole should be 
made large enough to allow the special duct-cutting tool to reach the duct. 

5. Clean out hole with blower. 

6. If floor is covered with linoleum, cork, etc., mark drilling center 
on duct so that hole in duct will be drilled concentrically with hole cut 
in floor covering. The manufacturers of fiber-duct raceways furnish 
special centering punches for this purpose (Fig. 144). 
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7. Drill hole in duct with special duct-cutting tool (Fig. 145). These 
tools are so constructed that they prevent the chips from falling into the 
duct. The best results in drilling the duct can be obtained by applying 
only a light pressure on the brace and using a special cutting grease on 
the blade. 



ting hole in floor punching fiber duct, ting hole in fiber 
covering. {Fibre {Fibre Conduit Co.) duct. {Fibre Con- 
Conduit Co.) duit Co ) 


8. Select outlet insert of proper length for depth of concrete over 
duct. 

9 Screw insert into duct, until insert is flush with concrete-floor 
surface. 

10. Thoroughly grout in insert with mixture of Portland cement and 
sand (Fig. 146). Do not use plaster of paris. 



Fig. 146.—Outlet 
insert. {Fibre Con¬ 
duit Co.) 



Fig. 147.—Com¬ 
pleted outlet in fiber 
underfloor raceway 
system. {Fibre 
Conduit Co.) 


11. If floor is covered with linoleum or similar type of floor covering, 
screw floor flange into insert, until top of flange is flush with floor. 

12. Pull in necessary wires from the nearest junction box and thread 
them through outlet riser. 

13. Screw riser into outlet insert or floor flange (Fig. 147). 

185. Layout of Underfloor Raceway Systems. —A very simple layout 
for an underfloor raceway system, called the single run-around, is shown 
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in Fig. 148. Such a layout provides only the minimum of flexibility in 
the location of outlets. It is satisfactory for certain types of buildings, 
when the installation cost must be limited and the desks will be located 
only around the side walls. This layout will provide outlets only for 



Fig. 148.—Single runaround layout for undei floor raceway. 


telephone and signal systems. A similar layout is shown in Fig. 149. 
This layout, having two separate raceways, provides outlets for elec¬ 
trically operated office machines from one raceway, and outlets for tele¬ 
phones and signal systems from the other raceway. 



Fig. 149.—Double runaround layout for underfloor raceway. 


In order to provide greater flexibility in the possible location of outlets 
over the entire area than is accomplished with the run-around layouts, 
grid layouts are employed. A typical single-grid layout is shown in 
Fig. 150, and a double grid in Fig. 151. The extent of the flexibility 
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provided for the location of outlets depends upon the distance between 
parallel duct lines. For maximum flexibility the parallel lines of duct 
should be located approximately 5 ft. apart with the outside runs located 
3 ft. from the outside walls. The distance between rows of junction 



Fig. 150.— Single-grid layout for underfloor raceway. 


boxes should be from 20 to 60 ft., depending upon the estimated number 
of outlets that will be required at any one time between junction boxes. 
Each outlet must be supplied by a separate circuit from the junction box 
to the outlet. 

To Electric 



Fig. 151.—Double-grid layout for underfloor raceway. 


UNDERPLASTER EXTENSION WIRING 

186. Underplaster Extensions. —It is frequently necessary to change 
the location of branch lighting and appliance circuits in order to accom¬ 
modate relocation of outlets. The National Electrical Code allows 
such changes to be made in buildings of fire-resistive construction by 
means of extensions to the existing branch circuits buried in the plaster 
of walls and ceilings. The wires for these underplaster extensions may 
be run in rigid or flexible conduit, armored cable, metal raceways, or 
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electrical metallic tubing. The general rules of construction required 
for the method employed should be followed. These underplaster 
extensions are made in the following manner. A groove is cut in the 
plaster finish wide enough to allow the installation of outlet boxes and 
the conduit, armored cable, metal raceway, or tubing. The conduit, 
armored cable, raceway, or tubing and outlet boxes are laid in this groove 
and fastened to the face of the masonry or other material of which the 
walls or ceiling are composed. The groove is then replastered, the wiring 
being concealed in the plaster finish. 

187. Oval tubing which is a special form of electrical metallic tubing or 
metal raceway is manufactured principally for use in underplaster 
extension wiring. It is a rigid tube formed from sheet steel and has 
a flattened-oval cross section. The approximate outside dimensions 
are x %2 in. high and s } / s 2 in. wide. It is manufactured in 10-ft. lengths. 
Its shallow height makes it particularly adaptable for underplaster 
extension work. It can be installed without channeling the underlying 
tile, cement, or brick of a wall or ceiling, since plaster of ordinary thick¬ 
ness is sufficient to cover it completely. Oval tubing will accommodate 
three No. 14 wires. A special line of outlet boxes and fittings has been 
developed so that oval-tubing wiring may take care of almost any wiring 
situation. The tubing is supported on tile walls and ceilings by means 
of special wire toggles set into small holes in the tile or by means of short 
tie wires which are fished through small holes drilled in the tile on each 
side of the duct. With concrete construction oval tubing is fastened to 
the slab with special straps supported by screws in expansion sleeves set 
in the concrete. 

187A. Armored cable with an oval cross section is made to meet the 
needs of undcrplaster extensions. It is made only in two-conductor 
cables and has a thickness across the flat portion of approximately 
in. The conductors consist of either two No. 14 or two No. 12 wires. 
Straight and elbow fittings are available for connecting oval armored 
cable to outlet boxes and for coupling together lengths of cable. The 
cable is supported with especially designed two-hole straps. 

188. Single-conductor armored cable or single conductors in or 
%-in. metal conduit or tubing may be used for underplaster extensions 
even with a-c systems. Such an extension must be confined to the floor 
on which it originates. Single conductors up to No. 8 American wire gage 
may be used in %-\n. conduit. This size of conduit may frequently be 
concealed in plaster where the J£-in. conduit would be too large. 

WIREWAY WIRING 

189. Wireways may be used in exposed dry locations in industrial 
buildings or garages. They must not be used where subject to severe 
mechanical injury or corrosive vapors or in hoistways, any hazardous 
location, or storage-battery rooms. Their principal application is for 
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the installation of mains and feeders in industrial plants or other locations 
where a flexible means of supplying branch circuits is advantageous. 
A type made by one manufacturer and called Square Duct is illustrated 
in Fig. 152. Three sides are provided with closely spaced knockouts 



Fig. 152.—A length of wireway with hinged cover. 


for conduit or armored-cable attachment. The fourth side consists of a 
hinged cover which may be opened for installing wires and making splices. 
The lengths are coupled together with nuts and bolts which secure a sheet- 
metal hanger (Fig. 153, I) between the flanged ends of the duct sections 
for supporting the duct. Mains ^ 

and feeders are run in the wire- \ 

way with taps for branches _ / m / 

taken off at the most convenient / e^> \ (f^P*— 

point through rigid or flexible * j - Thm 

conduit or armored cable, con- *> 8 « L |T 1 U JJ| 

nccted to the wireway through ) V - 

the knockouts. Square plates f i- 5 -2— 1 \ II-Tee 

are obtainable (Fig. 153, IV) for * B 

closing the ends of the duct. e e , _ 

Junctions of wireways are formed -—J J 

by using a junction box or a tee , 

(Fig. 153, II and III). The ((a'U 

wireways are made in two sizes: l \ • VvJ ^ J • 

2t£ in. square and 4 in. square. V —— 9 \ 

(Conductors up to 500,000 cir x . « \ ~ V 11 , 

mils may be used in wireways, jj LI unc ,0n ^ 0X 

provided that the sum of the I / / 

cross-sectional areas of all the fl _ /y • • 

conductors at any cross section • 

does not exceed 20 per cent of Hangers (kyj) 

the interior area of the wireway. * ° 

Splices and4;aps may be located — 2 ---' 

within the wireway, provided Cl° sin< 3 P' a * e 

the hinged cover is left accessi- Fig. 153.—Fittings for Square Duct, 
ble. The conductors including (Square D Co.) 

the splices must not fill the wireway to more than 75 per cent of its area. 
The wireway must not contain more than 30 conductors at any point 
except for signaling circuits or for control conductors between a motor and 
its starter, used only for starting duty. Wireways must be supported 
every 5 ft. and for that reason are usually made in 5-ft. lengths. Two-foot 


I* Hangers 


HZ’- Closing plate 

Fig. 153.—Fittings for Square Duct, 
(i Square D Co.) 
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lengths are available, however, for completing the duct to the exact length 
required. By special permission of the authority enforcing the National 
Electrical Code, the distance between supports may be increased to 10 ft. 
in case closer supports are not feasible. An unbroken length of wireway 
may extend through a dry wall. 

BUS-WAY WIRING 

190. Bus way is one of the newer developments in interior wiring 
systems. It provides a flexible power-distribution system for distributing 
power to motors and, in some cases, lights, in industrial buildings. This 
method provides a flexible method of connecting branch motor circuits 
to the mains so that the location of the branch taps may be readily 
and economically changed to suit the conditions of rearrangement of 
machines. This system finds a wide field of use in industrial plants where 
the layout of the machines must be continually changed in order to meet 
changing manufacturing conditions. For installations of this type, 
although the first cost may be somewhat greater than for other methods 
of wiring, the saving derived from its flexibility in the relocation of 
machines without additional wiring expense soon overbalances the 
additional first cost. With the flexible bus-way method of wiring there 
is no ripping out and scrapping of old material and installing of new to 
meet the new layout conditions. Bus way may be installed in exposed 
dry locations in industrial buildings for circuits of not more than GOO volts. 
It may also be used as risers and feeders in office buildings of fire-resistive 
construction. It must not be used where it will be subjected to severe 
mechanical injury or corrosive vapors, or in hoistways, in any hazardous 
location, or in storage-battery rooms. Unbroken lengths of bus way 
may extend through dry walls. 

191. Bus ways consist Of bus bars mounted in a sheet-metal enclosure 
or trough. They are made in three main types for voltage up to GOO 
volts: (1) without plug-in provision, (2) with plug-in provision, at fixed 
intervals, and (3) with movable trolley contacts. 

192. Bus ways without plug-in provisions are used as main-feeder 
runs from the main power-supply location for a building, such as from 
the secondary of transformers to switchboards and from switchboards 
to distributing centers. One type called Buss-wa is shown in Fig. 154, I. 
It is made for systems of from two to nine poles, each pole of ihe Buss-wa 
consisting of one or two bus bars, depending upon current capacity 
required. Table 194 gives the dimensions and weights of Buss-wa. The 
bus bars, rated on the basis of 1,000 amp. per sq. in., are available in 
250- to 15,000-amp. sizes. The bus-bars are supported by individual 
insulators made of a special refractory material which will not carbonize 
(Fig. 154, II). Insulating caps are used over the ends of the bus-bar- 
supporting studs to prevent accidental contact with the housing. Buss- 
wa comes in 10-ft. lengths which are coupled together by overlapping 



Div. 8] 


INTERIOR WIRING 


1191 


the bus bars and joining them with )^-in. bolts (Fig. 154, III). A sheet- 
steel cover plate fits over the joint. Adaptor switches, panel boards, and 
circuit breakers are available for fastening directly to the bus way, as 
shown in Fig. 164. 

198. A bus way with plug-in provision and known as Flex-A-Power 
is shown in Fig. 155. It is made for systems of from two to four poles. 
Each pole consists of a single bus bar rated at 250, 375, 500, 750, or 
1,000 amp. 

Table 196 gives the dimensions and weights of Flex-A-Power. The 
bus bars are supported m slots in porcelain insulators (Fig. 155, III) 


Insulator supports located 
on 3-0“ centers - 


\j 

4 U: 

Sheet r y . 

steel 
housing 


7TerS 1 „ r. 

A 



V B £. 


Insulating 

caps 


I. Buss-wa section. 


II. Insulator support. 





III. Joint between two Buss-wa sections. 

Fio. 154. —Buss-wa details. (Trumbull Electric & Manufacturing Co.) 


spaced overv 30 in. along the trough. Every 12 in. in the bottom cover 
plate there is a set of holes for insertion of plug-in connections. Fiach 
set of holes is normally covered by a sliding cover plate, which may 
be loosened by a quarter turn of two setscrews. The plug-ins (Fig. 156) 
are a special type of fused switch or circuit breaker which have contacts 
(Fig. 156, IV) which engage on the bus bars. The insulating shields 
prevent an accidental connection between a contact and the frame of the 
bus way in the insertion and removal of the plug. Figure 156, I, shows 
the three types of plug-ins assembled on a length of the bus way. The 
motor-circuit type has a fused switch of the motor-circuit type which 
will break the stalled-rotor current of a motor. The switch may be 
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operated while the plug-in contacts remain in contact with the bus bars. 
The general-use one is fused but does not have a switch. When the cover 
is opened to remove the plug-in from the bus a set of auxiliary contacts 
will break the rated current of the plug-in before the main contacts leave 
the bus. The third type contains a thermal, time-limit circuit breaker 



Wrapping of Bus bar 

I felt to protect 


the insulator 


Neutral 



Cover plate 
slides back 


Holes for 
plug-in 



II. Detail of end of Flex-A-Powcr III Insulator detail, 

section. 

Fig. 155.— Flex-A-Power details. (Trumbull Electric & Manufacturing Co.) 


which may be operated while the plug-in remains in position on the bus. 
The fused plug-ins are obtainable in ratings of 30, 60, 100, and 200 amp. 
The circuit breaker may be obtained with the usual circuit-breaker ratings 
in 50-, 100-, and 225-amp.-frame sizes. Hook sticks are made in a 
number of different lengths for operating the switch arms from the floor. 
Sections of Flex-A-Power are bolted together in the same manner as 
explained for Buss-wa. Tee connections may be made as shown in Fig. 
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Motor circuit 
plug-in 


Genera! use Circuit breaker 
plug-in plug-in 


I. Assembly of plug-ins on length of Flex-A-Power. 

r imiyowi/tf] operating - 
ONUJoff. handle 


II. Front view of plug-in. 




r 


"Insulating shield 


III. Rear view of plug-in. 




j “Insulating 
f shield over 
contacts 

Xmtacfsftt 
low busbars 


IV. Interior of plug-in. 


Fkj. 156.—Plug-ins for Flex-A-Powcr. (Trumbull Electric & Manufacturing 

Co) 



I. “T”-type Flex-A-Power con- II. Flex-A-Power crossover con¬ 
nection. nection. 

Fia. 157.—Junctions for Flex-A-Power systems. (Trumbull Electric <fe 
Manufacturing Co.) 
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157, I, and crossovers of one bus under another either tapped or not 
tapped, as shown in Fig. 157, II. 

194. Dimensions and Weights of Buss-wa 



Fig. 158.—Cross-sectional view of Buss-wa. (Trumbull Electric & Manu¬ 
facturing Co.) 





I 






A (Fig. 158) 







Capacity, 

amp. 

Bars per 
leg and 
size, m. 

B (Fig. 
158), in. 

2 pole 

i 

3 pole 

4 pole 

5 pole 

6 pole 

7 pole 

8 pole 

9 pole 



Size, 

in. 

1 

Lb. 

Size, 

m. 

Lb. 

Size, 

in. 

Lb. 

Size, 

m. 

l 

Lb. 1 

j 

Size, 

ill. 

Lb. 

Size, 

in. 

1 

1 

Lb. 

Size, 

in. 

Lb. 

Size, 

in. 

Lb. 

500 

1; *4 X 2 

59* 

10 

13 

129* 

i 

19 

15*1 

25 

175* 

i 

31 i 

20*j 

36 

23** 

40 

25^4 

50 

289* 

55 

750 

l;*i X3 

69* 

10 

15 

129* 

22 

15*i 

29 

175* 

35 

20** 

40 

23** 

46 

2544 

56 

289* 

61 

1,000 

1; V\ X4 

79* 

10 

18 

12">* 

26 

15*4 

34 

175* 

40 

20** 

45 

23** 

52 

2644 

62 

289* 

68 

1,500 

2; 54X3 

m 

10 

22 

12H 

31 

15*4 

38 

177* 

45 

20** 

54 

23** 

63 

254* 

70 

289* 

75 

2,000 

2; *4X4 

7'h 

10 

28 

12 5 * 

36 

15*4 

47 

175* 

54 

20** 

61 

23** 

68 

2534 

75 

to 

oc 

82 

2,500 

2; *4 X 5 

8 *s 

10 

35 

12 r >* 

i 

45 

15*i 

55 

177 s 

65 

20*s 

75 

23i* 

i 

82 

2534 

90 

283* 

93 


For larger sizes reter to the Trumbull Electric & Manufacturing Co. 


196. A smaller size of Flex-A-Power made for two- or three-pole 
construction, rated for 125 amp. and called “125” Flex-A-Power, is 
shown in Fig. 160. In this type the bus bars are supported every 12 in. 
with porcelain blocks which have cup-shaped openings in the bottom. 
There are holes in the cover plate over these openings. An interior 
metal cover which is turned with a special socket wrench, as shown in 
Fig. 160, II, covers the openings when not in use for a plug. Fused 
plugs are available in 30-amp. and convertible 30/60-amp. ratings. 
These plugs are inserted on the bottom of the bus way with plug contacts 
fitting onto the bus bars through the porcelain-cup openings. 
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196. Dimensions and Weights of FI ex-A-Power 



Fig. 150.— Cross-sectional view of Flex-A-Power. (Trumbull Electric & 
Manufacturing Co.) 
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4 l »2 
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80 

90 
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93 
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1; H X 2 
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i, H x l% 
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i 
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197. Dimensions of Flex-A-Power Plugs 
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Width, m. 
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198. Trolley-Closur is a bus-way system for installations requiring 
overhead trolley wires. In certain industries, as, for example, in auto¬ 
mobile-body plants, overhead trolleys are required for supplying energy 
to portable tools. The Trolley-Closur system consists of a steel housing 
containing bare channel-shaped copper conductors (Fig. 161). Power is 



/y 

/ 


Location of 
insulation supports 
and receptacles 





Wrench ^ 

• for turning ^ ; 
cover pi ate .— v ’ 1 ■ 

i % : ? • 


Cup in 

porcelain 

insulator 


I Length of “125” Flex-A-Power 


II Detail of ieceptaclc^. 



tapped from the trolleys by means of specially designed collectors with 
provision for fuses in each branch wire. The collectors can be inserted 
or removed at outlet points on the trolley. This system provides an 
enclosed safety overhead trolley system. 

There are three channel conductors which may be connected to any 
one of several different power-supply systems: 
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1. X1 %20 volts, three wire, single phase. 

2. 440 volts, two wire, single phase. 

3. 220 volts, three wire, three phase. 

4. 440 volts, three wire, three phase. 

5. 550 volts, three wire, three phase. 

The power-supply wires are brought to the conductors through a feed-in 
box which may be located on the top near one end of any 10-ft. section. 



Flange for 
supporting the 
trolley wheels 



Outlet 

section 



Handle Hanger 

\ ^ 



III. Method of installation or removal of trolley-collector. 

Fig. 161.—Trolley-Closur. (Trumbull Electric & Manufacturing Co.) 

The capacity of the channel conductors is 100 amp., but the capacity of 
the trolley system may be made much greater than that by using several 
feed-in points. 

The trolley runs on four wheels which bear on the flange on the sides 
of the overhead housing (Fig. 161, II). The current collectors are 
mounted on an insulating plate on the top of the trolley and are held 
against the underside of the copper busses by individual coil springs. 
There are two types of contacts which are made of copper and graphite 
impregnated with oil: (1) a double roller rated at 30 amp. (Fig. 162, I) 
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and (2) a contact shoe rated at 60 amp. (Fig. 162, II). The trolley 
collectors are made in several different types to suit various types of 


* Contact Wheels tbr 
' rollers support * 



€Mr$m 



1. Trolley-collectoi show- II. Heavy duty trolley 
ing contact roller assembly, collector showing shoe-type 
assembly. 



III. Fusible trolley-col- IV. Fusible trolley- 
lector with tool h an get, 30 collector, 30-00 amp., 
amp. maximum, 250 volts 600 volts, 
only. 



V. Fusible trolley-col¬ 
lector with single lock 
type receptacle. 



VI. Nonfusible trol¬ 
ley-collector with single- 
lock type receptacle. 



3 

VII. Trolley-collector 
with tool hanger and 
thermostatic tumbler 
switch for portable tool 
pr otection. 

(Trumbull Electric & Manu- 


Fio. 162.—Types of trolleys for Trolley-Ciosur. 

facturiny Co.) 


branch circuits. Figure 162, III shows one with 30-amp., 250-volt 
cartridge fuses for branch-circuit protection. For loads up to 60 amp 
and for 600 volts, the 30/60-amp., convertible-fuse unit of Fig. 162, IV, 



Div. 8] 


INTERIOR WIRING 


1199 


is used. They may also be obtained with two-, three-, or four-pole 
locking-type receptacles, fused or unfused (Fig. 162, V and VI), for use 
where it is desired to remove the portable cord when the trolley is not in 
use. Figure 162, VII illustrates a trolley containing a switch with 
thermostatic overload protection for the motor on the tool. The trolley 
collectors are inserted on the system by lifting up a hinged outlet section 
(Fig. 161, III) and slipping the collector on the end so that the contacts 
bear against the bottom of the channels and the wheels ride on top of 
the flange. Then the outlet section is dropped back into position. 
This operation may be performed without de-energi/ing the conductors. 



Fig. 103.- Methods of supporting bus ways. (Trumbull Electric & Manu¬ 
facturing Co.) 

A lighter weight trolley system rated at 50 amp. made by the Bull 
Dog Electric Products Co. has an outlet-box-type trolley, which in 
addition to supplying small tools may be used to support lighting fixtures. 
The advantage claimed for this system is that the lights may be moved 
along with the tools. This is a decided advantage in locations where 
normally only rough work requiring low values of illumination is per¬ 
formed. Then occasionally, when finer detailed work is set up, the lights 
can be moved closer together and the illumination built up to higher 
values for that section of the room. This is especially recommended 
for mercury-vapor lighting where the lamp wattage cannot be easily 
varied, since a given transformer will take only one size of lamp. 

199. Bus ways may be supported from the framework of the building 
in a number of different ways, using standard structural members such 
as steel bars, angles, rods, or messenger cable. Figure 163 shows some 
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suggested locations, but each installation has to be designed individually- 
according to the design of the building. The National Electrical Code 
requires supports to be located every 5 ft., except that by special permis¬ 
sion the distance may be lengthened to 10 ft. 

200. The supply circuit for any of the bus-way systems may be brought 
in at the end or at any of the section junctions, using a special box. 
which forms a splicing chamber. The cable lugs of the supply circuit 
are bolted to the bus bars. 



Enclosed 
circuit breakei\ 

Transposition 
box 

Pane! (Overload 
protection '' 
in mains)with\ 
adapter 


R. B.Adaptor 
switches V 

S. A.C. 
buss-wa. 


Flange 
connection 
Elbow - 
Transformer, 

taps 


Fig. 164.- 


-Typical layout of bus-way feeder distribution system. 
Electric & Manufacturing Co,) 


(Trumbull 


201. Branch circuits are taken out through the knockouts in the plug-in 
boxes, using armored cable, flexible conduit, or rigid conduit. If the 
vertical length of the branch circuit is more than a few feet it is desirable, 
when using cable or flexible conduit, to loop the cable or conduit up over 
the bus way before bringing it down. This puts the weight of the cable 
on the bus way instead of on the connector to the box. 

202. A composite typical layout in Fig. 164 shows the function of the 
various types of bus ways. Starting at the building-service transformers, 
Buss-wa carries the feeder circuit to the service circuit breakers and up 
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through the building. Mains are taken off through adaptor switches to 
supply lighting panel boards and Flex-A-Power runs. A Trolley-Closur 
is fed from a Flex-A-Plug on the Flex-A-Power bus. Fixed motor- 
operated tools are supplied from the Flex-A-Power bus, and portable 
tools from the Trolley-Closur. 


CELLULAR-METAL-FLOOR-RACEWAY WIRING 
203. Cellular-metal-floor raceways are formed by employing for the 
floor construction of the building structural members made of corrugated 
sheet steel. Six types of cellular steel floor as made by the H. H. Robert- 


Fill measured above 
high corrugations s Wearing 

Screed!me t?*3? surfaC€ 



Ceiling may be 
applied to underside 


TYPE I 


mm 


Leveling member , Wear mg surface 

, Infer cell 
i fill 
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TYPE IH 

ess*__ "rr* 

- - surface 


Fill measured above 

high eorrugahon _ 

Screed/me . 

U ff'J 



rncrruxr vm 

U 6" A 

Ceiling may be _ 

applied to underside 
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Fig. 105 —Types of cellular steel floors ( H . H . Robertson Co ) 
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above high Screed line .wear,™ 
corrugation - L‘ !m w/We 
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^ ^ Serves as a ceiling 

TYPE IV 

Leveling Wearing 

*7 ^ rr ^^ r ^^m^ g ^oM^ urface 

U 5"-*J Underside serves 
as a ceiling 
TYPE 3ZI 


son Co. of Pittsburgh, Pa , are shown m Fig 165. Type I is the funda¬ 
mental type used for buildings with average floor loadings and with beam 
spans of 12 to 16 ft. Type II is formed by using both top and bottom 
corrugations of the same size as the top of Type I and is for somewhat 
lighter loads. Both of these types are intended for use with a concrete 
fill on top to form the rough floor and with the ceiling of the floor below 
suspended from the underside. Type III is formed by using the bottom 
corrugations from Type I as the top unit, with a flat plate as the bottom 
unit. The flat plate serves directly as a ceiling, and the floor is formed 
by filling in the top corrugations with concrete. Type V is formed by 
inverting Type III and not using any concrete. Types IV and VI are 
for very light loads and are formed from the top unit of Type I, with a 
flat metal plate in a manner similar to the way Types III and V were 
formed. 
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204. The cells which are not filled with concrete form the raceways 
for wiring and piping In all the types the cells are 6 m apait on centers, 
and the members are manufactured four cells wide with varying lengths 
to suit the span between beams The cells are cross connected by headers 
formed over the beams m the space left between adjacent lengths of 



Fig 166—Laying cellular steel floors (H H Robertson ( o ) 


flooring using headers connected to ilternatc cells one raceway 

system may be formed foi signal win s and another for power wires with 
both systems kept entirely separate from each other If any cells are 
used for piping, those cells must not be mterconnec ted to the electrical 
raceway svstem 



Section through Section through 

length of fitting width of fitting 

Fig. 167—\rcess unit for cellulai metal floois which haM' <outietc fill 
(H H Robertson Co ) 

206. In forming these floors, close cooperation is required between 
the structural and the electrical workmen. The structural men lay 
the floor members across the spans from beam to beam, fastening them 
to the beams and leaving about 4% m of space on top of the beams 
between the abutting ends of the floor members (Fig 166) for formation 
of the header 








S 




Fig. 169. —Method of forming separate headers for power and for telephone 

wiring. 

of its cells under the header for the other system. The joints at the edges 
of the header units are sealed with a cold-flowing asphaltic compound. 

206. The connection from a header to a panel board is made from 
special fittings as shown in Fig. 170. Connection to the header is made 
with an adapter (Fig. 171, II) to which is connected the vertical elbow 
(Fig. 171, I). Straight sections of duct 1 ft. long (Fig. 171, IV) coupled 
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Fia 170—Connection of cellulai-metal flooi headei to panelboaid. ( H . U> 

Robertson Co ) 



IE-Straight duct 


II* Adapter for 
connecting elhlow 
to header 

V-Duct coupling 

Fig. 171 —Fittings for connecting cellular-metal floor header to wall panel¬ 
board ( H . H Robertson Co ) 
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together with couplings (Fig. 171, V) form the vertical run up the wall. 
The final section to the panel board is cut to length with a hack saw. 
The box connector (Fig. 171, III) holds the duct to the panel board. It 
requires an opening V/£ by 5% in. in the bottom of the panel-board 
box. 

207. Method of Installing Floor Outlets.—A hole of 1% in. diameter is 
cut in the center of a cell with a saw-type drill (Fig. 172, I). A forming 



I-Saw drill 31- Forming tool III- Warnock wrench 

Fig. 172.—Tools for installing outlets in cellular-metal floor raceways. 
( H . H. Robertson Co.) 

tool (Fig. 172, II) is turned into the hole to prepare the hole for reception 
of the outlet tap. For floors with a concrete fill of 2 to 3)4 in. a standard 
adjustable tap (Fig. 173, I) is then screwed into the hole. For fills of 
1 to 2 in. a special tap is available. For fills of less than 1 in. a shallow 
tap (Fig. 173, IV) is set in the hole and held in place with three No. 12 
self-tapping screws. Holes for the screws must be drilled in the cell 
with a No. 9 drill. The top of the standard tap may be adjusted in height 
to the floor level, and a blanking cover (Fig. 173, II) installed until after 
the floor is poured. In installing a floor outlet, the blanking cover is 



I*Adjustable 31-Blanking 3fl-Extension IV-Shallow tap 

tap cover 

Fig. 173.—Fittings for cellular-mctal floor raceways. (If. H . Robertson Co.) 

removed, and an extension (Fig. 173, III) is screwed into the tap. The 
floor outlet is then screwed onto the extension, using a warnock wrench 
(Fig. 172, III) or other type of fabric wrench to avoid marring the fitting. 
With the shallow tap (Fig. 173, IV) the fitting screws onto the tap directly 
without the use of the extension. The complete outlet assembly is shown 
in Fig. 174. A duplex convenience outlet and an outlet for bringing out 
a telephone cord are shown in Fig. 175. 
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Extension Base of 2-3%floor 

outlet fju as shown , 



when special 
tap is used 


'1 r 

.■ iyjt m V‘• ?.■ Vy y 


1- For floors with rto 3Vfill 


Secure with four 
self- tapping screws x 


5we of outlet 
A/Shallow floor tap 
Putty 


Floor fill 
less than I” 



E- For floors with shallow fill 

Fiu. 174.—Assembly of floor outlets with cellular-metal floor raceways. 
(H. H. Robertson Co.) 



I. Duplex convenience II. Telephone outlet, 
outlet. 

Fig. 175.—Outlets for use with cellular-metal floor raceways. ( H . H . 

Robertson Co.) 
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208. Cell markers should be located on the center of each cell near 
the opposite side of the room from the header for future location of cells, 

« J PJ 

I-Double slot I-Single slot HI* Round IV-Hexagonal V-Square 

marker screw marker screw marker marker marker 

Fig 176 -Markers for cellular-metal-floor rateways (H H Robertson Co) 

when outlets aie not installed initially The access units in the header 
will identify the cell locations at the header A straight line between the 
center of an ac c ess unit and a cell marker will then identify the cell so 
that an outlet mav be 
located accurately at any 
time m the future Several 
types of cell markers an 
shown in Fig 176 The 
double-slot sc lew (Fig 176, 

I) may be used to identify 
power-wne cells, and the 
smgle-slot one (Fig 176,11) 
to identify telephone-wire 
cells In installing these 
markers (Fig 177) a hole is 
drilled and tapped in the 
top of the cell for a 12-24 
screw before the floor fill is laid The brass marker with a headless screw 
is then fastened in place and adjusted m height to the level of the finished 
floor The marker should then be grouted m place After the floor has 

been poured and the finished floor 
covering laid, the headless screw is 
replaced with one of the grommeted 
brass screws (Fig 176, I or II) 

209. Underside headers must be 
used with Types III, V, and VI floors 
of Fig. 165, because there is not suffi¬ 
cient room for the other headers m 
the shallow floor fill. The underside 
header may also be used with the 
Type IV floor when it is desired to 
add a header after the building is 
finished The header (Fig 178) is 5 in wide by 2% in. deep and should 
be mounted m the corner formed by the ceiling and wall so as to be as 
inconspicuous as possible (Fig 179). It is held in place with No. 12 




2*D/am pilot openings 


Fig 178 - Underside header with 
cover removed ( H . H Robertson 
Co ) 


Adjustable 
brass marker 


12-24 Brass grommeted screw 


Lock nut Height adjustment nut 



U/U 


12-24 Stud 


I 1G 


Drill and tap center 
of cell Ibr 12-24 screw 
177.—Detail showing cell marker 
(H H Robertson Co ) 
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self-tapping screws which pass through holes drilled in the bottom of 
the raceways Connection to a panel board is made with a special ell 



(Fig 180, II) as shown m Fig 181 
Connection between the cells and the 
header is made by drilling a 2-m 


hole m the cell to line up with the 


pilot opening in the header A 



grommet (Fig 180, I) with the lock 
nut renuned is then mseited m the 
holt diagonalh is shown in Tig 182 



I-Grommet F-Eli 



Fit 179 —Section showing lo< a- Tig 180 Tittings foi undusidt 
tion and mounting of underside htadti (H II Robertson (o) 
hiadci (H H Robertson Co) 


After the grommet has bcc n Adjusted to its proper position the lock nut 
is screwcd on md holds the grommet firmly m place At least two mark¬ 



ers as explained in Sec 208, should be 
loc ited on top of the floor for each 
cell which does not have outlets 
installed initially 



Fxo 181 Section showing a Fig 182 —Showing method of in- 
method of connecting between sertmg grommet into hole in cell 
underside headei and panel (H (H H Robertson Co ) 

H Robertson Co) 


210. Ceiling lighting fixtures may be hung and wired from cellular- 
metal-floor raceways as shown in Fig 183 At I is shown a fixture-stud 
mounting using the stud illustrated in Fig 184, I The fixture stud is 
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inserted through a 2-in. hole cut in the cell similar to the grommet assem¬ 
bly of Fig. 182. A mounting for fixtures which fasten on the cover of 
a 4-in. box is shown in Fig. 183, II. The box (Fig. 184, II) is held in 



I-Outlet box mounting HI- Conduit hung mounting 


Fig. 183 —Methods of mounting ceiling fixtuies fiom oellulai-metal-floor 
raceways. ( H . H. Robertson Co ) 

place with a grommet. The knockouts in the box may be used for 
surface conduit wiring if desired. A conduit-hung fixture is supported 
from the cell by means of a hanger as shown in Fig. 183, III. The hanger 
(Fig. 184, III) is held in place with a lock nut in the same way as the 
grommet 



Fig. 184.—Fittings for ceiling fixtures. ( H . H. Robertson Co.) 


211. The cellular raceways are wired by fishing the wires from the 
access units to the outlets. No conductor larger than No. 1/0 may be 
installed except by special permission. The number of conductors in a 
cell is not limited as long as the total cross-sectional area of the conductors 
does not exceed 40 per cent of the internal area of the cell. All splices 
and taps must be made in the header or at junction boxes. The internal 
areas of the raceways shown in Fig. 165 are as follows: 
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I 

II 

III 

IV 

V 


Connecting 

Underside 



header 

header 

Internal area, srj. in. 

20 

11 

14.0 

1 

5.6 

14.6 

1 

6 

12.5 




212. Cellular-met&l-floor raceways are used principally for office 
buildings where the needs of the tenants for wiring outlets are not known 
very definitely in advance and where a high quality of adequacy and 
convenience of outlets and interior appearance is desired, having no 
exposed wiring. The position of the raceways may be varied in 6-in. 
increments, and a very flexible system of outlets for telephones, business 
machines, and desk lamps provided, with all outlets located under the 
desks out of sight. The cost may be lower than would be incurred if a 
standard floor with a large number of underfloor raceways were installed. 
The wiring for ceiling lighting outlets is also simplified where the type 
of floor is that in which the underside of the raceways serves as the 
ceiling. 

WIRING WITH BARE CONDUCTORS 

213. Bare conductors may be installed as feeders in a chase or shaft 
of noncombustible material in buildings of fire-resistive construction 
for voltages up to 600 volts. Since the design of buildings in which these 
conductors might be located varies widely, special permission for their 
use must be obtained from the authority enforcing the National Electrical 
Code. The location must not be hazardous or damp or contain corro¬ 
sive vapors, except that bare conductors may be located in a storage- 
battery room, provided they are not taped. The size of conductors is 
determined by allowing a maximum current of 1,000 amp. per sq. in. of 
cross-sectional area of conductor if the enclosure is not ventilated, and 
1,200 amp. per sq. in. if it is ventilated. The conductors must be sup¬ 
ported on insulators and separated at least as great a distance as given 
in Table 214. The chase or shaftway must be so enclosed that the 
conductors are accessible only to qualified persons. 


214. Minimum Spacing for Bare-conductor Feeders 


Voltage 

Opposite polarity 
when mounted on 
the same surface, 
spacing, in. 

Opposite polarity 
when held free 
in air, 
spacing, in. 

Live parts 
to ground, 
spacing, 
in. 

Not over 125. 

% 

X 

X 

Not over 250. 

m 


X 

Not over 600. 

2 

1 

1 













Div. 8] 


INTERIOR WIRING 


1211 


WIRING WITH MULTIOUTLET ASSEMBLIES 

215. Multioutlet assemblies consist of a metal raceway with single 
convenience outlets built in every few inches. In one type made by the 
Wiremold Co. the outlets may be spaced as desired along the raceway 
and connected by wires laid in the raceway. In another type (Fig. 185) 
the outlets are built in at fixed intervals and connected by copper strips 
which terminate m terminal screws at each end of each length of raceway 





IH -Baseboard insert style 


Fig. 185.— Plug-in strip. (National Electric Products Corp.) 

This type is made in three styles according to the position in which it is to 
be used: (1) the chair-rail style for flat-surface mounting, (2) the base- 
board-cap style for mounting on the top of baseboards or in comers of 
mantels and cabinets, and (3) the baseboard-insert style for recessing 
in the baseboard or in a plastered wall. Blank sections through which 
rubber-covered wires may be run to join plug-in sections are available for 
use behind radiators or for other inaccessible places where the expensive 
plug-in strip is not needed. Multioutlet assemblies are used to provide 
adequate plug receptacles for the utmost convenience in the use of appli¬ 
ances, principally in dwelling-type use. 








1212 


AMERICAN ELECTRICIANS’ HANDBOOK [Div. 8 


216. Various ways of mounting the chair-rail style on plastered walls 
are shown in Fig. 186 Toggle bolts are used except where a wood strip 
is available, as m III, when wood screws can be used The chair-rail 



I-On piaster wall I-On plaster and HT On plaster IV Tile wall 
hollow tile woodblock 

background 


Fig. 186—Methods of mounting chair-rail style of plug-in stup. (National 
Electric Products Corp) 

style is intended for mounting on fiat surfaces at a considerable height 
above the baseboard The curved surfaces on the top and bottom give 
the installation a neat appearance 

217. The baseboard-cap type has a flat surface on one edge and is 
curved on the other edge It is used as illustrated m Fig 187, where 



I-On wood base I-On marble base UL-On wainscot V-On fireplace mantel 


Fig. 187.—Methods of mounting baseboard-cap style of plug-m strip 
(National Electric Products Corp ) 

there is a corner against which the flat edge can be placed The curved 
edge gives a finished appearance to the corner In this type of mounting 
there is usually a wood background so that wood screws can be used for 
fastening 



Background 
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218. The baseboard type is set into the wall so that the surface of the 
strip is flush with the wall surface. In wiring finished buildings with this 
type, the molding on top of the baseboard is removed, the plug-in strip 
is placed on top of the baseboard, and the molding is placed against the 
plug-in strip (Fig. 188, III). For new installations a channel can be 
left in tile, glass, or marble surfaces as shown in Fig. 188, I and II, or 
the plaster may be channeled as shown in Fig. 188, IV. 

219. Plug-in strip is made in various lengths from 6 in. to 9 ft. The 
lengths are joined together as shown in Fig. 189. Copper links connect 
the terminal screws on two adjoining lengths of plug-in strip (Fig. 189,1). 
Then insulating plates are placed over the terminals (Fig. 189, II), and 
the joint is covered with a coupling of the same exterior finish as the plug¬ 
in strip. 



I- Connecting cable to junction box 


.-iSp/Zcec 


H- With splices and wiring completed 

Fig. 190. — Method of bringing supply circuit into plug-in strip. (National 
Electric Products Corp.) 


220. The method of bringing in the supply circuit is shown in Fig. 190. 
Junction boxes are available for either nrmored cable or rigid conduit. 
The junction box has a hub in the back with a setscrew for clamping 
armored cable or threaded for J^-in. conduit connection (Fig. 190, 1). 
The circuit wires are stripped as shown, and two short lengths of rubber- 
covered wire are spliced to them so that the circuit will feed both ways 
from the junction box. The junction box is then placed against the wall, 
and the wires are connected to the terminal screws in the adjoining plug 
in strips (Fig. 190, II). The middle section of the junction box is closed 
by means of a cover, held in place by two screws. Over each pair of 
terminals an insulating plate is placed and then covered with a coupling 
plate. 
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GENERAL REQUIREMENTS FOR WIRING INSTALLATIONS 

Conductor Requirements 

221. Size of Conductors. —No wire smaller than No. 14 is allowed for 
general interior wiring work. Wires of No. 18 or No. 16 may be used 
for fixture wiring, flexible cords, and for some other special applications 
as given in Sec. 38 of Div. 3. Although No. 14 wire is allowed for branch 
circuits, it is good practice not to use smaller than No. 12. Number 12 
wire costs only about 20 per cent more than No. 14, can usually be 
placed in the same size conduit or raceway, will have greater mechanical 
strength, and will reduce the voltage drop and the I 2 R heating loss in 
the wires by approximately 40 per cent. Solid conductors of larger 
size than No. 8 are not allowed to be used in conduit or raceways. For 
ease in handling it is good practice to use stranded conductors in the 
larger sizes for open wiring also. The size of wire required, according to 
the amount of current to be carried by the circuit, is discussed in Sec. 
37A of Div. 3, and the ampere current-carrying capacities are given in 
Tables 15 to 20 of Div. 10. 

222. All ungrounded conductors must be protected by fuses or circuit 
breakers rated in accordance with the allowable carrying capacity of 
the conductors as given in Sec. 223 and located at the point where the 
conductor receives its supply, with the following exceptions: 

1. For building-service conductors the overcurrent protection is 
located at the same point as the other service-entrance equipment 
which may be at the load end of the service-entrance conductors. 

2. The overcurrent protection may be omitted, provided the over- 
current unit farther back on the circuit is rated not greater than the 
carrying capacity of the smaller conductor. 

3. If a tap conductor is not over 5 ft. long, does not extend beyond 
the switchboard, panel board, or control devices which it supplies, is 
enclosed, and has a current-carrying capacity not less than the sum of the 
capacities of the circuits which it supplies, it need not be separately 
protected. 

4. If the conductor is not over 25 ft. long, is protected from mechanical 
injury, and has a current-carrying capacity not less than one-third that 
of the conductor from which it is supplied, the overcurrent device may 
be located at the load end of the conductor. 

5. For individual motor branch circuits, refer to Sec. 438, Div. 5. 

6. For feeders or main conductors supplying more than one motor, 
refer to Sec. 442, Div. 5. 

7. For fixture wires and flexible cords, refer to Sec. 225. 

223. Rating of the Overcurrent Protective Devices. —The rating of 
the overcurrent protective device must be as given below except for the 
exceptions referred to in Sec. 222 (5), (6), and (7). Fuses or circuit 
breakers of the time-delay, thermal-trip type shall have ratings not 
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greater than the allowable carrying capacity of the conductor which they 
protect. 

Circuit breakers of the instantaneous-trip or of the time-delay, mag¬ 
netic-trip type shall be set to trip at not more than 125 per cent of the 
allowable carrying capacity of the conductor which they protect. 

Where one of the above rules does not give a standard size of fuse 
or circuit-breaker setting, the next higher standard size may be used, 
provided it does not exceed the allowable current-carrying capacity of 
the conductor by more than 50 per cent. 

The allowable carrying capacity of wires is given in Tables 19 and 20 
of Div. 10, and the common sizes of fuses and circuit breakers in Table 
33 of Div. 10. 

224. Grounded conductors must not be fused and must not have a 
circuit breaker in them unless the circuit breaker opens all the wires of 

the circuit at the same time. The size of the 
grounded conductor may be changed when¬ 
ever the sizes of the other conductors are 
changed, provided the other conductors are 
protected as outlined in Secs. 222 and 223. 
(See Div. 7, Sec. 169, for an explanation of 
the reason for grounding one conductor of a 
wiring system.) 

225. Flexible cords are used for wiring 
fixtures, for connection of portable appli¬ 
ances, or for the connection of approved 
stationary devices to facilitate their inter¬ 
change or to prevent transmission of noise or 
vibration. (See Div. 2 for a complete listing 
of flexible cords.) Flexible cords must be 
not smaller than No. 18, and if the load con¬ 
nected to them is not greater than their car¬ 
rying capacity they are considered as 
sufficiently protected by the branch-circuit overcurrent device of the 
branch circuit from which they are tapped. The carrying capacity of No. 
18 fixture wire is 5 amp.; for the heater cords Types AFS, AFSJ, HC, HPD, 
and HSJ it is 10 amp. The carrying capacity of No. 16 fixture wire is 
7 amp., and for the heater cords as listed above, 15 amp. Cords must 
be connected to devices so that tension in the cord will not be taken by 
the terminal screws. This may be accomplished by knotting the cord 
inside the device (Fig. 191), by winding it with tape, or by using a clamp 
fitting. Where flexible cords pass through the cover of an outlet box 
the hole must have a smooth well-rounded surface; where they enter 
lamp holders they must be protected by insulating bushings. Flexible 
cords must be used in continuous lengths without splice or tap. For 
voltages between 300 and 600, Type S cord or cords with at least %4 in 
of rubber insulation on each conductor must be used. 



Fig. 191.—Method of 
tying supporting knot in 
flexible cord. (See Sec. 225 
for description.) 
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In the wiring of fixtures, asbestos-covered wire Type AF must be used 
for mogul sockets, Type S rubber cord for voltages between 300 and 
600, and one of the cotton-covered types for all other cases where they 
will not be subjected to a temperature in excess of 90°C. (194°F.). The 
splice between the fixture conductors and the circuit conductors must 
be easily accessible for inspection without requiring disconnection of the 
wiring. This is accomplished by making the canopy so that it will 
slide down the fixture stem (Fig. 193). 

226. Splicing of Conductors. —Conductors in conduit or raceway 
systems must be continuous from outlet to outlet and must not be spliced 
or tapped within the raceway or conduit itself, except in wireways or 
auxiliary gutters. Instructions for the proper splicing of conductors are 
given in Div. 2. 

227. Conductors may be placed in multiple only by special permission. 

Permission will generally be granted if the current requires conductors 
larger than about 1,000,000 cir. mils. If multiple conductors are to be 
used, they should be of the same size, as few as possible, of approximately 
the same length, and connected together at the ends in such a way that 
contact resistance will be negligible. If the parallel circuits should be 
carried in different conduits or raceways, at least one wire of each phase 
should be carried in each conduit or raceway. 

228. Conductors of a-c systems must be run with all wires of the circuit 
located in the same metal enclosure, such as conduit and raceway, in 
order that the m.m.f. in the metal enclosure, produced by the current 
in one of the conductors, will be almost completely neutralized by the 
m.m.f. produced by the current in the other conductors of the circuit. 
Thus heating of the enclosures by induced currents will be kept at a 
minimum, and inductance and inductive reactance also reduced. It is 
recommended that this procedure be followed with d-c systems to 
facilitate a change to alternating current at some later date. 

229. At outlets and switch locations at least 6 in. of free con¬ 
ductor must be left for the making of joints and connection of wiring 
devices. 

230. When conductors of No. 1 and larger enter a cabinet or junction 
or pull box, they must not be deflected more than 30 deg. unless they are 
protected by a smoothly rounded insulating bushing or are separated 
from the raceway fitting by a substantial insulating material securely 
fastened in place. If the bushing is constructed entirely of insulating 
material, a lock nut must be provided under it to hold the raceway to 
the cabinet. If the conductors enter the cabinet vertically a gutter must 
be provided with a width as specified in Sec. 86, Div. 4. 

23X. Conductors of different systems must be kept in enclosures 
separate from each other. For carrying out this requirement the 
National Electrical Code recognizes three different conductor systems, 
as follows: 

I. Conductors of more than 600 volts. 
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2. Conductors of less than 600 volts. All conductors in the enclosure 
must be insulated for the maximum voltage of any conductor in the 
enclosure. 

3. Conductors of signal or radio systems with exceptions for elevators, 
sound-recording systems, and where the power wires supply the signaling 
system. 

232. When conductors or cables are run through bored holes in studs 
and joists, the holes should be bored at the approximate centers of wood 
members, or at least 2 in. from the nearest edge. Where there is no objec¬ 
tion because of weakening the building structure, armored or nonmetallic- 
sheathed cable may be laid in notches in the studding or joists if the cable 
at those points is protected against the driving of nails into it by having 
the notch covered with a suitable metal plate before the building finish 
is applied. 

233. Conductors in vertical raceways (any metallic enclosure for 
conductors) must be supported at intervals not greater than those given 
in Sec. 108 under Conduit Wiring. 

233A. The approved types of insulation of conductors for different 
installations are given in Sec. 26. 

234. Insulation Resistance.—In order that a reasonable factor of 
safety against short circuits and grounds shall be provided, the National 
Electrical Code recommends that completed wiring systems should 
have an insulation resistance not less than that given in the following 
specifications: 

For circuits of No. 14 or No. 12 wire. 1,000,000 ohms 

For circuits of No. 10 or larger conductor, a resistance, based upon the allowable 
current-carrying capacity of conduct ons as giv r en in Tables 1!) and 20 of Div. 10, as 
follows: 


Amp. 

Ohms 

25- 50 

250,000 

51-100 

100,000 

101 200 

50,000 

201 -400 

25,000 

401 -800 

12,000 

Over 800 

- 5,000 


The test for the insulation resistance should be made with a megger 
(see Div. 1) with all switchboards, panel boards, switches, and over¬ 
current devices in place. If lamp holders, receptacles, fixtures, or appli¬ 
ances are also connected, the resistances for branch circuits may be 
one-half of the above values. Where climatic conditions expose the 
wiring to excessive humidity the values may have to be modified. 

General Installation Requirements 

235. Coating of Wiring Materials (National Electrical Code).— 
Metal raceways, cable armor, and all metallic elbows, couplings, and 
fittings, unless made of corrosion-resistant material, shall be suitably 
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protected against corrosion inside and outside (except threads at joints) 
by a coating of approved corrosion-resistant material such as zinc, 
cadmium, or enamel, except that ferrous raceways and fittings protected 
from corrosion solely by enamel may be used only indoors and in occu¬ 
pancies not subject to severe corrosive influences. 

Meat-packing plants, tanneries, hide cellars, casing rooms, glue 
houses, fertilizer rooms, salt storage, some chemical works, metal refin¬ 
eries, pulp mills, sugar mills, round houses, some stables, and similar 
locations are judged to be occupancies where severe corrosive conditions 
are likely to be present. 

236. Outlet boxes (see Div. 4) must be provided at each outlet, switch, 
or junction point for all wiring systems except open wiring. Wherever a 
change is made from open or concealed knob and tube wiring to one of 
the other types of wiring, a box or terminal fitting which has a separately 
bushed hole for each conductor must be used. In terminating conduit 
wiring at switchboards and control-apparatus locations, an insulating 
bushing instead of a box may be used, and the conductors bunched, taped, 
and painted with insulating paint. If conductors are lead covered the 
bushing need not be an insulated one. 

237. Number of Conductors in a Box (National Electrical Code).— 
Boxes shall be of sufficient size to provide free space for all conductors 
enclosed in the box. 

1. The maximum number of conductors, not counting fixture wires, 
permitted in outlet and junction boxes shall be as in the following tables 
with the exceptions noted following the table: 


Max. number of conductors 


No. 14 No. 12 No. 10 No. 8 


Box dimensions, trade size, in. 


Deep Boxes 


1>2 X 3^4 octagonal. 

5 

f» 

4 < 

0 

lb' X 4 octagonal. 

8 

7 

6 

5 

lb X 4 square. 

11 

9 

7 

5 

IH X 4 l H# square. 

10 

12 

10 

8 

2!>6 X 4 1 Me square. 

20 

16 

12 

10 

1H X 2% X 2. 

5 

4 

4 


1H X 2H X 2W. 

6 

6 

5 


1H X X 3. 

7 

7 

6 



Shallow Boxes of Less Than l><j-in. Depth 


3X . 

4 

4 

3 

4. 

6 

6 

- 4 

4iKs. 

8 

6 

6 



. 
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The tables apply where no fittings or devices, such as fixture 
studs, hickeys, cable clamps, switches, or receptacles, are contained in 
the box. Where a fixture stud, cable clamp, or hickey is contained in the 
box, the number of conductors permitted shall be one less than shown 
in tables; and where a switch or receptacle is contained in the box the 
number of conductors permitted shall be two less than shown in tables. 
A conductor running through the box is counted as one conductor and 
each conductor terminating in a box is also counted as one conductor. 

2. For combinations not shown in the preceding tables the following 
table shall apply: 


Free Space within 

Size of Box for Each 

Conductor Conductor, Cu. In. 

No. 14. 2. 

No. 12. 2.25 

No. 10. 2.5 

No. 8. 3. 


3. The limitations in subparagraphs 1 and 2 of this section shall not 
apply to terminal housings supplied with motors, or to types of boxes 
or fittings without knockout and having hubs or recessed parts for ter¬ 
minal bushings and lock nuts. 

This section does not apply to conductors of Types liHT, RPT, RU, or 
SN. 

238. Pull Boxes.—The National Electrical Code requires that the size 
of all pull boxes located in a run of raceway or conduit of l^-in. trade 
size or larger shall conform to the following specifications: 

1. For straight pulls the lengths must be not less than eight times the 
trade size of the conduit. 

2. For angle pulls the distance between any conduit and the opposite 
wall must be not less than six times the trade size of the conduit. To 
this value must be added the trade size of any additional conduits 
entering the box. 

239. All conduits and raceways must be continuous from outlet to 
outlet and from fitting to fitting and must be securely fastened in place. 
Fittings must be mechanically secured to conduits, raceways, and boxes, 
and the entire metallic-enclosure system must form an electrically 
continuous conductor. If different portions of a conduit or raceway sys¬ 
tem are exposed to widely different temperatures, as in refrigerating or 
cold-storage plants, provision must be made to prevent circulation of 
air through the raceway from a warmer to a colder section. 

240. Covers and Canopies. —The National Electrical Code requires 
that each outlet box shall be provided with a cover unless a fixture canopy 
is used. 

1. If a fixture canopy is used, any combustible wall or ceiling finish 
exposed between the edge of the canopy and the outlet box shall be 
covered with noncombustible material. 
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2. Nonmetallic covers and plates shall be used with nonmetallic outlet 
boxes, except that a metal cover or plate may be used if covered on the 
exposed side with nonmetallic material. Screws shall not be used for 
fastening such covers or plates to nonmetallic boxes unless located in 
such position that they cannot come in contact with live parts or live 
conductors in the box, or unless the exposed screw heads are covered with 
nonmetallic material. 

3. Covers of outlet boxes and outlet fittings having holes through which 
flexible-cord pendants pass shall be provided with bushings designed for 
the purpose or shall have smooth, well-rounded surfaces on which the 
cord may bear. So-called hard-rubber or composition bushings shall 
not be used. If conductors other than flexible cord pass through a metal 
cover, there shall be provided a separate hole for each conductor, said 
hole being equipped with a bushing of insulating material. 

241. Position of Outlet Boxes in Wall (National Electrical Code).— 
In walls or ceilings of concrete, tile, or other noncombustible material, 
boxes, fittings, and cabinets shall be so installed that the front edge of 
the box or fitting will not set back of the finished surface more than in. 
In walls and ceilings constructed of wood or other combustible material, 
outlet boxes, fittings, and cabinets shall be flush with the finished surface 
or project therefrom. 

In making an exposed extension from an existing outlet of concealed 
wiring, a box, extension ring, or blank cover shall be mounted over the 
original box and electrically and mechanically secured to it. The exten¬ 
sion shall then be connected to this box in the manner prescribed for the 
method of wiring employed in making the extension. 

Unused openings in boxes, fittings, and cabinets shall be effectively 
closed to afford protection substantially equivalent to that of the wall 
of the box, fitting, or cabinet. Metal plugs or plates shall not be used 
with nonmetallic boxes, fittings, or cabinets unless recessed at least in. 
from the outer surface. 

242. Ceiling outlet boxes may be supported with wood screws project¬ 
ing through the holes in the bottom of the box, in frame construction 
when a wood background is available. Where boxes must be supported 
between wooden beams, bar hangers as shown in Sec. 115, Div. 4, are 
used. The hangers are fastened with nails or wood screws to the beams. 
The box is fastened to the hanger by means of the fixture stud or with 
two bolts. With concealed conduit wiring in reinforced-concrete ceilings 
the conduits and the edges of the backing plate of the concrete boxes, 
bearing against the concrete, support the box. With terra-cotta ceilings 
a tee made of %-in. pipe substantially bearing on the top of the terra-cotta 
should be used (Fig. 192). The pipe projects through the fixture-stud 
knockout in the back of the box and forms the fixture stud. For exposed 
wiring on concrete ceilings, screws and lead expansion sleeves should be 
used. For exposed wiring on steelwork the box should be bolted to the 
steel. 
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For exposed wiring on plastered ceilings the box may be fastened on 
the surface with toggle bolts. 

Wall outlet boxes in frame construction are fastened to the studs with 
side hangers which form part of the box (see Sec. 116, Div. 4). With 
concealed wiring in concrete or brick walls the masonry, being built 
tight around the box, supports it. The conduit prevents the box from 
coming loose from the wall. If a pocket has been cut in a brick wall to 
receive an outlet box and the wall has been channeled for the conduit, 
the box should be fastened to the wall by means of two expansion sleeves. 
With concealed wiring in concrete construction, for the support of a 
fixture which is of too great weight to be safely hung on an ordinary 
J^-in. fixture stud, the outlet box should be supported by means of a pipe 



Flu. 192.—Support for outlet box in a terra-cotta ceiling. 

support similar to that of Fig. 192, embedded in the concrete. For 
exposed wiring on concrete and brick walls the box may be fastened with 
wood screws in lead expansion sleeves. For exposed conduit wiring, 
conduit boxes of less than 100 cu. in. in size need not be fastened if the 
conduit is secured in threaded hubs on the box. 

243. Lighting fixtures are usually supported from the fixture stud in 
the outlet box (Fig. 193). A hickey is screwed onto the fixture stud, 
and the fixture stem is screwed into the hickey. The fixture wires are 
brought out of the fixture stem through the holes in the hickey and 
spliced to the circuit wires. The canopy is then slipped up against the 
ceiling and fastened to the fixture stem with a setscrew. In many cases 
it is preferable to use outlet boxes which have the fixture stud made 
integral with the back of the box. In case that type of box is not avail¬ 
able, a separate fixture stud (Fig. 194) may be installed. The no-bolt 
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type (Fig. 194, I) is used for supporting the box from a bar hanger. The 
body of the stud is on the back of the hanger with the threaded portion 
projecting through the hanger and through a hole in the center of the box. 
The nut is screwed on the stud inside the box and holds the box to the 
hanger. The bolted type (Fig. 194, II) is either bolted to the back of 
the box or, when the box is supported 
from a wooden member, is held in 
place with wood screws. Small 
lighting fixtures consisting of a lamp 
holder and a small shade may be 
supported from a pendant cord. In 
this case a box cover with a round 
hole in the center is used. A knot is 
tied in the cord inside the box (Fig. 

191) so that the knot will bear 
against the cover and support the 
weight of the fixture. With exposed 
conduit wiring, elbow or tee conduit 
fittings are frequently used. The 
fixture is supported with a short 
length of conduit which threads into 
the fixture and into the hub which 
projects down from the fitting. Sometimes the upper part of the fixture 
is designed to be fastened as the cover on a 334- or 4-in. outlet box. 

244. Working Space 
about Electrical Equip¬ 
ment (National Electri¬ 
cal Code).—Suitable 
working space shall be 
I* No bolt types E- Bolted type provided and main- 

Fig. 194. — Fixtuio studs. tamed about all electri¬ 

cal equipment. 

a. Horizontal Dimensions. —Except as elsewhere required or permitted 
in this Code, the horizontal dimensions of the working space in front of 
live parts, operating at not more than 600 volts, which must be handled 
while alive, shall not be less than: 

1. For parts of more than 150 volts to ground on one side of the working 
space and no bare live or grounded parts on the other side of the working 
space, 2}4 ft. 

2. For parts of more than 150 volts to ground on one side of the working 
space and bare live or grounded parts on the other side of the working 
space, 4 ft. 

3. For parts of 150 volts or less to ground on one side of the working 
space and no bare live or grounded parts on the other side of the working 
space, ft. 




Fig. 193.—Method of supporting a 
fixture from a fixture stud. 
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4. For parts of 150 volts or less to ground on one side of the working 
space and bare live or grounded parts on the other side of the working 
space, 2}4 ft. 

5. For parts of 600 volts and over: 


Voltage between phases 

Min. horizontal 
clearance of un¬ 
guarded parts 

Voltage between 
phases 

Min. horizontal 
clearance of un¬ 
guarded parts 

600 

3 ft. 2 in. 

44,000 

4 ft. 4 in. 

2,300 

3 ft. 3 in. 

66,000 

4 ft. 11 in. 

6,600 

3 ft. 4 in. 

88,000 

5 ft. 6 in. 

11,000 

3 ft. 6 in. 

110,000 

6 ft. 1 in. 

22,000 

3 ft. 9 in. 

132,000 

6 ft. 8 in. 

33,000 

4 ft. 0 in. 




b. Clear Spaces.—Working spaces adjacent to exposed live parts 
shall not be used as passageways. 

c. Elevation of Equipment. —The elevation of the equipment at least 
8 ft. above ordinarily accessible working platforms usually affords 
protection at least equivalent to that provided by the horizontal clear¬ 
ances of paragraph a and may be used in lieu thereof. 

d. Guarding of Live Parts. —In general, exposed live parts of electrical 
equipment operating at 50 volts or more shall be guarded against acci¬ 
dental contact, by enclosure or by locating the equipment as follows: 

1. In a room or enclosure which is accessible only to qualified persons. 

2. On a suitable balcony, gallery, or platform, so elevated and arranged 
as to exclude unqualified persons. 

3. Elevated 8 ft. or more above the floor; 

4. So that it will be protected by a guard rail if the equipment operates 
at 600 volts or less. 

e. Spacing from Lightning Rods. —Metal frames and cases of electric 
equipment shall, wherever practicable, be kept at least 6 ft. away from 
lightning-rod conductors. Where it is not practicable to secure 6 ft. 
separation, they shall be bonded together. 

245. Auxiliary Gutters (National Electrical Code). — Auxiliary gutters, 
used to supplement wiring spaces at motor centors, distribution centers, 
switchboards, and similar points of interior wiring systems, may enclose 
conductors or bus bars but shall not be used to enclose switches, over¬ 
current devices, or other appliances or apparatus. 

a. Extension beyond Equipment. — An auxiliary gutter shall not extend 
a greater distance than 30 ft. beyond the equipment which it supplements, 
except in elevator work. 

b. Supports.—Gutters shall be supported throughout their entire 
length at intervals not exceeding 5 ft. 
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c. Covers. —Covers shall be securely fastened to the gutter. 

d. Number of Conductors. —Auxiliary gutters shall not contain more 
than 30 conductors at any cross section unless the conductors are for 
signaling circuits or are control conductors between a motor and its 
starter and are used only for starting duty. The sum of the cross- 
sectional areas of all contained conductors at any cross section of an 
auxiliary gutter shall not exceed 20 per cent of the interior cross-sectional 
area of the gutter. 

e. Carrying Capacity of Copper Bars. —The current carried con¬ 
tinuously in bare conductors in auxiliary gutters shall not exceed 1,000 
amp. per sq. in. of cross section of the conductor. 

f. Clearance of Bare Live Parts. —Bare conductors shall be securely 
and rigidly supported so that the minimum clearance between bare 
current-carrying metal parts of opposite polarities mounted on the 
same surface shall be not less than 2 in. or less than 1 in. for parts that 
are held free in the air. A spacing not less than 1 in. shall be secured 
between baj*e current-carrying metal parts and any metal surface. 
Adequate provision shall be made for expansion and contraction of 
copper bars. 

g. Splices and Taps. —Splices and taps shall conform to the following: 

1. Splices or taps, made and insulated by approved methods, may 
be located within gutters if they are accessible by means of removable 
covers or doors. The conductors, including splices and taps, shall not 
fill the gutter to more than 75 per cent of its area. 

2. Taps from bare conductors shall leave the gutter opposite their 
terminal connections, and conductors shall not be brought in contact 
with uninsulated current-carrying parts of opposite polarity. 

3. All taps shall be suitably identified at the gutter as to the circuit 
or equipment which they supply. 

4. Tap connections from conductors in auxiliary gutters shall be pro¬ 
vided with overcurrent protection in conformity with the provisions of 
Sec. 223. 

h. Construction. —Auxiliary gutters shall be constructed in accordance 
with the following: 

1. Gutters shall be so constructed and installed that adequate electrical 
and mechanical continuity of the complete raceway system will be 
secured. 

2. Gutters shall be of substantial construction and shall provide a 
complete enclosure for the contained conductors. All surfaces, both 
interior and exterior, shall be suitably protected from corrosion. Corner 
joints shall be made tight, and, where the assembly is held together 
by rivets or bolts, these shall be spaced not more than 12 in. apart. 

3. Suitable bushings, shields, or fittings having smooth rounded edges 
shall be provided where conductors pass between gutters, through 
partitions, around bends, between gutters and cabinets or junction boxes, 
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and at other locations where necessary to prevent abrasion of the insula¬ 
tion of the conductors. 

4. Gutters shall be constructed of sheet metal of thicknesses not less 
than in the following table: 


1 

Max. width of the widest surface of gutters 

1 

Size 

Thickness. U. S. 
Standard sheet- 
steel gage, in. 

Up to and including 0 in. 

No. 16 

0.0598 

Over 6 in. and not over 18 in. 

No. 14 

0.0747 

Over 18 in. and not over 30 in. 

No. 12 

0.1046 

Over 30 inches. 

No. 10 

0.1345 


Grounding 

246. There are two types of grounds in interior wiring systems. 

1. System grounds. 

2. Equipment and conductor-enclosure grounds. 

A system ground refers to the condition of having one wire of a circuit 
connected to ground. The reason for doing this is explained in Sec. 170, 
Div. 7. 

An equipment or conductor-enclosure ground refers to connecting 
the non-current-carrying metal parts of the wiring system or equipment 
to ground. This is done so that the metal parts with which a person 
might come in contact are always at or near ground potential. With 
this condition there is no danger that a person touching the equipment 
or conductor enclosure will receive a shock. Also metal conduit, race¬ 
ways, and boxes may be in contact with metal parts of the building at 
several points. If an accidental contact occurs between an ungrounded 
conductor and its metal enclosure, a current may flow to ground through 
a stray path made up of sections of metal lath, metal partitions, piping, 
or other similar conductors. If the equipment is grounded the resistance 
of the path through the grounding conductor \yill usually be much less 
than the resistance through the stray path, and not much current will 
flow through the stray path. Sufficient current will usually flow through 
the grounded path to blow the circuit fuse or trip the circuit breaker and 
thus open the circuit until repairs can be made. On the other hand, if 
the equipment is not grounded, sufficient current may flow through the 
stray path to heat up some section to a sufficient temperature to ignite 
wood or other inflammable material with which it is in contact. The 
current may not be sufficient to operate the fuse or circuit breaker, 
especially if the contact occurs on large-sized feeders. 

247. The following items of equipment and conductor enclosures must 
be grounded: 
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1. All metallic conductor enclosures including: 

a. Rigid or flexible metal conduit. 

b . Metal raceways of all types. 

c . Armor of any cable with a metallic armor. 

d. Wireways and bus ways. 

e. Auxiliary gutters. 

2. Metal cabinets. 

3. Metal outlet or switch boxes. 

4. Metal junction or pull boxes. 

5. Metal fixtures connected to a wiring system enclosed in a metallic 
enclosure. 

6. Metal fixtures connected to a wiring system, if not over 150 volts, 
which is not enclosed in a metallic enclosure, when the fixture is mounted 
on metal or metal-lath ceilings and walls. If the fixture is insulated 
from its support and the metal lath bv use of insulating joints or fixture 
supports and canopy insulators, the fixture need not be grounded. 

7. All metal fixtures connected to a system of over 150 volts to ground. 

8. Metallic structures of nonelectrical equipment as follows: 

a. Frames and tracks of electrically operated cranes. 

b. The metal frame of a nonelectrieally driven elevator car to which 
electric conductors are attached. 

c. Hand-operated metal shifting ropes or cables of electric elevators. 

d. Metal enclosures such as partitions, grillwork, etc., around equip¬ 
ment carrying voltages in excess of 750 volts between conductors, 
unless in substations or vaults under the sole control of the supply 
company. 

9. Fixed motor, generator, transformer, and capacitor frames and 
other non-current-carrying parts of any fixed electrical equipment 
(electric ranges are considered as fixed equipment even though connected 
by a plug and flexible cord) under the following conditions: 

a. If equipment is supplied by means of metal-clad wiring. 

b. If equipment is located in a wet location and is not isolated. 

c. If equipment is in a hazardous location (see Sec. 293). 

d. If equipment is in electrical contact with metal or metal lath. 

e. If equipment operates with any terminal at more than 150 volts 
to ground, except as follows: 

(1) Enclosures for switches or circuit breakers where accessible 
to qualified persons only. 

(2) Metal frames of electrically heated devices, exempted by 
special permission, in which case the frames shall be per¬ 
manently and effectively insulated from ground. 

(3) Transformers mounted on wooden poles at a height of more 
than 8 ft. from the ground. 

10. Controller cases for motors, except those attached to ungrounded 
portable equipment and except lined covers of snap switches. 
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11. Electric equipment of elevators and cranes. 

12. Electric equipment in garages, theaters, and motion-picture 
studios, except pendent lamps on circuits of not more than 150 volts 
to ground. 

13. Motion-picture projection equipment. 

14. Electric signs and associated equipment, unless these are inac¬ 
cessible to unauthorized persons and are also insulated from ground and 
from other conductive objects. 

15. Generator and motor frames in an electrically operated organ, 
unless the generator is effectively insulated both from ground and from 
the motor driving it. 

16. Switchboard frames, except frames of d-e, single-polarity switch¬ 
boards which are effectively insulated. 

17. X-ray tubes used in therapy. 

18. Non-current-carrying metal parts of portable equipment under 
following conditions: 

a. In hazardous location. 

b. If operated at more than 150 volts to ground, except: 

(1) Motors, if guarded. 

(2) Metal frames of electrically heated appliances, and X-ray 
tubes used in therapy, exempted by special permission. 

c. In other than residential occupancies, exposed metal parts of 
portable appliances used in damp or wet locations or by persons 
standing on the ground or on metal floors or working inside metal 
tanks or boilers shall be grounded, except where supplied through 
an insulating transformer with ungrounded secondary of not 
over 50 volts. 

This paragraph shall not be construed to prohibit the use of an 
insulating transformer with a secondary voltage greater than 
50 volts, if the exposed metal parts of the appliance connected 
to such a transformer are grounded, and provided other condi¬ 
tions of this article are fulfilled. 

It is recommended that the frames of all portable motors 
which operate at more than 50 volts and less than 150 volts to 
ground be grounded, where this can be readily accomplished. 

19. All instrument-transformer cases except as follows: 

а. Cases or frames of transformers used to supply current to instru¬ 
ments or protective relays, if they are isolated by elevation or 
guarded as required for the maximum potential at which they 
operate. 

б. Cases or frames of current transformers, the primaries of which 
are not over 150 volts to ground and which are used exclusively 
to supply current to meters, need not be grounded. 

20. Cases of instruments, meters, and relays operating at voltages 
of 750 volts or less under the following conditions: 

a . Not on Switchboards. —Instruments, meters, and relays not located 
on switchboards, which operate with windings or working parts 
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at 300 volts or more to ground, and accessible to other than 
qualified persons, shall have the cases and other exposed metal 
parts grounded. 

b. On Dead-front Switchboards. —Instruments, meters, and relays 
(whether operated from current and potential transformers or 
connected directly in the circuit) on switchboards having no 
live parts on the front of the panels shall have the cases grounded. 

c. On Live-front Switchboards. —Instruments, meters, and relays 
(whether operated from current and potential transformers or 
connected directly in the circuit) on switchboards having live 
parts on the front of panels shall not have their cases grounded. 
Rubber mats or other suitable floor insulation shall be provided 
for the operator if the voltage to ground exceeds 150. 

21. Cases of Instruments , Meters , and Relays—Operating Voltage over 
750.—Where instruments, meters, and relays have current-carrying 
parts over 750 volts to ground, they shall be isolated by elevation or 
protected by suitable barriers, grounded metal, or insulating covers or 
guards. Their cases shall not be grounded, except as follows: 

In electrostatic ground detectors the internal ground segments of 
the instrument are connected to the instrument case and grounded; the 
ground detector shall be isolated by elevation. 

Instrument Grounding Conductor. —The grounding conductor for 
secondary circuits of instrument transformers and for instrument cases 
shall not be smaller than No. 12, if of copper or, if of other metal, shall 
have equal conductance. 

248. The types of wiring systems required to have a system ground 

are as follows: 

1. Two-wire, d-c systems of not more than 300 volts, unless the system 
supplies industrial equipment in limited areas and is equipped with a 
ground detector as described in Div. 1. 

2. Three-wire, d-c systems. 

3. Alternating-current systems, provided the grounded conductor is so 
arranged that the maximum voltage to ground is between 50 and 150 
volts. Grounding is also recommended where the voltage to ground 
will be between 150 and 300 volts, and is allowable in some cases on higher 
voltages. 

4. Alternating-current systems of less than 50 volts if supplied by 
transformers from systems of more than 150 volts to ground or from 
ungrounded systems or if run overhead outside buildings. 

5. Secondary circuits of current and potential instrument transformers, 
when primary winding is connected to a circuit of 300 volts or more to 
ground, and in all cases when mounted on switchboard. 

248A. Circuits Which Must Not Be Grounded. —1. Circuits operating 
at more than 300 volts to ground except with special permission. 

2. Circuits for electric cranes operating over combustible fibers in 
Class III or Class IV hazardous locations. Refer to Sec. 293 for descrip¬ 
tion of hazardous locations. 
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249. The Location of the System Ground (Fig. 195).—1. For d-c 
systems the ground must be at the supply station and nowhere else. 

2. For a-c systems there must be a ground at the secondary of the 
transformer supplying the system. There must be another ground at 
each building service on the supply side of the service switch. 



II. Three-wire 115-230 volts single-phase a-c system. 


Transformers , 
Pr/mar r ~^ 


3-pfiase, 4-wre, 120-208vo/f 
secondary distribution system 



d eatfr service 
entrance ' 

i/r,cv/cA»cw/fc/c — ' No ground (SS /%, 

on the distribution system 'Ground 

IV. Four-wire 230 volts three-phase a-c system with one phase arranged three- 
wire, 115-230 volts. 

Fiq. 195. —Location of system grounds. (National Electrical Code Handbook.) 


3. For two or more buildings served by a master service and under 
the control of a single management the ground must be located as near 
as practicable to the service entrance of each building, whether the switch 
controlling the building is inside or outside the building. 
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4. For an isolated system which is not connected to an exterior dis¬ 
tribution system the ground is made at the source of supply or at the 
switchboard on the supply side of the first switch controlling the system. 


250. The Conductor to Be Grounded: 


Kind of System 

1. For all two-wire, d-o systems 

2. For two-\wre p a-c systems 


3. For three-wire, single-phase, a-c systems 

and three-wire, d-o systems 

4. For multiphase systems without a com¬ 

mon conductor 

5. For multiphase systems having one con¬ 

ductor common to all phases 
C. For multiphase systems with one phase 
connected single phase, three wue 


Conductor Grounded 

Negative conductor 

Either conductor as long as all grounds are 
on the same respective conductor of the 
system 

Neutral conductoi 

Any conductor as long as all grounds are 
on the same respective conductor of the 
system 

Common neutral conductor 

Neutral conductor of the three-wire phase. 
Only one phase can he so used 


250A. The non-current-carrying parts of fixed equipment are con¬ 
sidered to be satisfactorily grounded under any one of the following 
conditions: 

1. If metallically connected to grounded cable armor or the grounded 
metal enclosure of conductors. This is the common and preferable 
method. 

2. By a grounding conductor run with circuit conductors in wire 
assemblies; this conductor may be uninsulated, but if an individual 
covering is provided for this conductor it shall be finished to show a green 
color. 

3. By a separate grounding conductor installed the same as a grounding 
conductor for conduit and the like. 

4. By special permission, other means for grounding fixed equipment 
may be used. 

250B. The non-current-canying parts of portable equipment are con¬ 
sidered to be satisfactorily grounded under any one of the following 
conditions: 

1. By means of the metal enclosure of the conductors feeding such 
equipment, provided an approved multiprong plug or equivalent is used, 
one prong for the purpose of grounding the metal enclosure, and provided, 
further, that the metal enclosure is attached to the plug and to the equip¬ 
ment by connectors approved for the purpose. 

2. By means of a grounding conductor run with the circuit conductors 
in wire assemblies, provided an approved multiprong plug or equivalent 
is used, one prong for the purpose of connecting such grounding conductor 
to the grounded metal raceway or cable armor; this conductor may be 
uninsulated, but if an individual covering is provided for this conductor 
it shall be finished to show a green color. 
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3. By means of a separate flexible wire or strap, insulated or bare, 
protected as well as practicable against mechanical injury. 

260C. The continuity of the ground of metal enclosures for conductors 
must be assured by one of the following means (see also following para¬ 
graphs for additional requirements for services and hazardous locations): 

1. Threadless fittings, made up tight, with conduit, armored cable, or 
electrical metallic tubing. 

2. Two lock nuts, one inside and one outside of boxes and cabinets. 

3. Threaded fittings with joints made up tight, where rigid conduit is 
involved. 

4. Tightly fitting or bolted joints between sections of metal raceway, 
wireway, or bus way. 

5. Bonding junipers of copper or other corrosion-resistant material 
fastened to the enclosure with an approved clamp or fitting and having a 
carrying capacity not less than is required for the grounding conductor. 

6. Other devices (not lock nuts and bushings) approved for the 
purpose. 

The electrical continuity of service equipment and service-conductor 
enclosures from overhead distribution systems must be assured by one 
of the means 1, 3, 5, or 6 as given above for grounding of general con¬ 
ductor enclosures. With service cable having an uninsulated grounded 
service conductor in continuous electrical contact with its metallic armor 
or tape, the metal covering is considered to be adequately grounded. 

Service conduit or metal pipe from underground supply is considered to 
be grounded if it contains metal-sheathed cable bonded to a continuous 
underground metal-sheathed cable system. The sheath or armor of 
service cable from underground supply is considered to be grounded if 
it is metallically connected to a continuous underground metal-sheathed 
cable system. 

In hazardous locations, regardless of the voltage involved, the electrical 
continuity of metallic raceway, boxes, and the like shall be assured by 
one of the methods specified in 3, 5, or 6 as given above for grounding of 
general conductor enclosures. 

251. The equipment and conductor-enclosure ground should be located 
as close to the service entrance or source of supply as practicable. This 
ground must be so located that no conductor enclosure is grounded 
through a grounding conductor smaller than required by Table 254. A 
common method is to run the equipment ground from the service-switch 
enclosure. So far as practicable all other equipment is then connected 
to ground by electrically continuous conductor enclosures from the 
service switch. Bonding jumpers or ground wires are used to connect 
isolated equipment to grounded equipment. In rare cases separate 
equipment grounds may be run where the equipment is located a con¬ 
siderable distance from other grounded equipment. 
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252. The method of grounding is to run a grounding conductor from 
the locations specified in Secs. 249 to 251 to a grounding electrode (Sec. 
266) which is in contact with the ground. A common method is to run 
the system grounding conductor inside a metal enclosure which serves 
as the equipment and conductor-enclosure grounding conductor (Fig. 
196). Refer to Sec. 257 for discussion of common grounding conductors. 



Fit.. 190.—Typical ground connection. (Crouse Hinds Co.) 

263. Size of System Grounding Conductor.—1. For d-c systems: 
not smaller than the largest conductor supplied by the system and in no 
case smaller than No. 8. 

2. For a-c systems grounded to artificial driven pipe or rod grounds 
or to a buried plate ground: No. 8 if the service conductors are No. 2 
or smaller, No. 6 if the service conductors are larger than No. 2. 

3. For a-c systems grounded to an underground piping system or to 
the metal frame of the building’ 


Size of largest serwee con¬ 
ductor, No. or cir. mils 

Size of copper 11 
ground wire, 
No. 

Size of largest service con¬ 
ductor, No. or cir. mils 

Size of copper® 
ground wire. 
No. 

Up to 2 

S 

350,000-600,000 

0 

1 or 0 

6 

600,000-1,100,000 

2/0 

2/0 or 3/0 

4 

Over 1,100,000 

3/0 

4/0-350,000 

2 




° May be of other corrosion-resistant material of equivalent resistance and tensile 
strength. 





1234 AMERICAN ELECTRICIANS' HANDBOOK [Div. 8 


284. Size of Equipment and Conductor-enclosure Grounding 
Conductor 


Hating or setting of automatic 
overcurrent device in circuit 
ahead of equipment, conduit, 
etc., maximum amp. 

Size of grounding conductor 

Copper wire No. 

Conduit or pipe, 
in. 

Electrical metallic 
tubing, in. 

30 

14 

H 

>2 

60 

10 

M 

H 

100 

8 

H 

H 

200 

6 

>2 

1 

400 

4 

H 

i H 

600 

o 

H 

m 

800 

0 

l 

2 

1,000 

2/0 

l 

2 

1,200 

3/0 

i 

2 


Note. —If connection is to an artificial ground as listed in Sec. 250 (5), the grounded 
conductor need not he larger than No. 6 copper. 


256. The grounding electrode may be: 

1. A continuous metallic underground water-piping system must 
be used where available. Connection must be made on the street 
side of the meter or a bonding jumper of a size not less than required for 
the grounding conductor must be installed to by-pass the meter and 
service unions. 

2. A local metallic underground piping system, metal well casing, etc. 

3. The metal frame of the building, provided the building is grounded 
effectively. 

4. A continuous metallic underground gas-piping system; connection 
must be on the street side of the meter. 

5. An artificial ground consisting of a driven pipe or rod or a buried 
plate. 

a. The pipe must be not less than % in. electrical trade size and be of 
nonferrous metal or galvanized. The pipe must be driven at least 8 ft. 
deep, or, if rock is encountered, an 8-ft. length may be laid in a trench. 

b. The rod must be not smaller than in. for nonferrous metals or 

in. for iron or steel. 

c. The plate must be not less than 0.06 in. in thickness for nonferrous 
metal and not less than in. thick for iron or steel. 

Note.—T he ground resistance of an artificial ground must be not less than 25 ohms 
measured as explained in Sec. 176, Div. 7. Such a ground must not be used for both an 
interior wiring system and lightning rods. 

6. Railway track when the wiring system is supplied from the railway 
circuit. 
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256. Protection of Grounding Conductor.—1. The conductor may be 
either bare or insulated. 

2. If No. 8 and smaller, the grounding conductor must be enclosed 
in armored cable, conduit, or electrical metallic tubing. 

3. If No. 6 and larger, the grounding conductor may be stapled to 
the building surface. 

257. The same grounding conductor may be used for the system 
ground and the equipment or conductor-enclosure ground, provided 

the size is as large as required for each alone. If desired, the system 
ground may be made with one wire and the equipment ground with 
another wire or conduit or tubing. 

258. The grounding conductor must be connected to the grounding 
electrode with an approved type of cast-metal clamp. The connection 


Jaws for 
damping 
on pipe 


, Lug for 
/ ground wire 



Clamp fbr Position of ground wire 

ground wire / Posihonof 

Jaws fbr /'groundrod 

, /damping 



i on pipe 



■Chmpinq 

screw 


I- For pipe connection 
with ground wire 
in conduit 
(General Electric 
5upply Co.) 


H- For pipe 
connection 
with bare 
ground wire 
(Westinghouse 
Electric Supply Co.) 


IH- For rod connection 
with bare 
ground wire 
(Copperweld Steel Co.) 


Fig. 197.—Ground-wire clamps. 


for the grounding conductor must be of a type that does not require 
soldering. Figure 197 shows some types of grounding clamps. For the 
smaller ground wires, which must be enclosed in conduit, the type in 
Fig. 197, 1 is used. For bare ground wire connected to a water or gas 
pipe, use the type in Fig. 197, II. The type in Fig. 197, III is for a bare 
wire to be attached to a ground rod. For connecting the other end of 
the grounding conductor to either the circuit wire or the metal equipment, 
solderless pressure connectors should be used. 

259. On grounded wiring systems the conductor which is connected 
to ground must be identified throughout the system. For conductors 
of No. 6 and smaller the identification characteristic must be a white or 
natural gray finish of the braid covering the wire. For conductors larger 
than No. 6 the insulation at the end of the conductor at terminals may be 
painted white when installed, or the entire outer finish of the wire covering 
may be white as for the smaller conductors. All ungrounded conductors 
must be finished in black or red or any color contrasting with white. 
At the terminals of wiring devices the grounded conductor must be con- 
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nected to the nickel- or zinc-colored terminal. On screw-shell devices 
the grounded conductor must be connected to the screw shell itself. 
No single-pole switch or circuit breaker and no fuse shall be used in a 
grounded conductor. 

Service-entrance Requirements and Installation 

260. Service entrance for the electrical system of a building may be 

made by means of overhead or underground service conductors. A 
service consists of the service conductors and the service equipment. 
The service conductors are the conductors which supply a building with 
electrical energy from an electric power system outside the building. 
They consist of that portion of the supply conductors which extend from 
the street distribution main or distribution transformer to the service 
equipment of the building. The service conductors may be located over¬ 
head or underground. For overhead conductors the service conductors 
include the conductors from the last line pole to the service equipment. 
The service conductors of an overhead service are further classified into 
two parts: the service-drop conductors and the service-entrance con¬ 
ductors. The service-drop conductors are the portion of the overhead 
service conductors between the last line pole and the first point of 
attachment to the building. The service-entrance conductors of an 
overhead service are that portion of the service conductors between 
the service equipment and a point outside the building, clear of the build¬ 
ing walls, where they are joined to the service-drop conductors. 

261. The service equipment must consist of an externally operated 
disconnecting device and overcurrent protective device. 

The disconnecting device must provide a readily accessible means for 
disconnecting all the service conductors from the source of supply. It 
may consist of a single switch or manually operated circuit breaker or, 
in the case of a multiple-occupancy building, not more than six switches 
or six manually operated circuit breakers. In Fig. 198, if there had been 
only six occupants in the building, the master service switch would 
not have been required. In multiple-occupancy buildings each occupant 
must have access to his disconnecting means. Circuit breakers may be 
equipped with electrical remote control, provided that the breaker has 
in addition a manually operable handle. The disconnecting means must 
be of a type which will plainly indicate whether it is in the open or closed 
position. The service switch or breaker must be located as close as is 
feasible to the point of entrance of the service conductors to the building. 
It may be located either outside or inside the building. If the switch 
or breaker does not open the grounded conductor, other means must be 
provided at the service entrance for disconnecting the grounded con¬ 
ductor of the supply from the interior wiring. The connection to a 
neutral terminal bar in the service switch will constitute a satisfactory 
disconnecting means. 
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A service switch must have a rating which is not less than the fuse 
holder in series with it, and the rating must be at least as great as the 
minimum allowable load (refer to Sec. 59 of Div. 3). Except in special 
cases of very small occupancies, it is not good practice to install a service 
switch that has a rating less than 60 amp. or a service circuit breaker 
with a rating less than 50 amp. A 30-amp. switch should not be used 
for a two-wire service supplying more than two 15-amp branch circuits. 

Each ungrounded service conductor must be provided with overcurrent 
protection. The protection may consist of a single set of fuses or circuit 
breakers or, in the case of a multiple-occupancy building, not more than 



Fig. 198.—Arrangement of meteis and service for a multi-tenant building. 


six sets of fuses or six circuit breakers. For rating of fuses or setting of 
circuit breakers, refer to Secs. 222 and 223. No overcurrent device 
shall be inserted in a grounded conductor except a circuit breaker which 
simultaneously opens all conductors of the service. The protective 
devices must be located at the same point as the disconnecting means 
unless located at the outer end of the service raceway. 

In addition to the disconnecting means and the protective devices, 
when the building is Supplied directly from public-utility mains, the 
service equipment will include the kilowatt-hour meter for the measure¬ 
ment of the power consumption. For small or multiple-occupancy 
buildings, the branch-circuit distribution equipment frequently is also 
grouped along with the service equipment (see Fig. 198). If the service 
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overcurrent protective devices are locked or sealed, or otherwise not 
readily accessible, the branch-circuit overcurrent devices must be 
installed as close as is practicable to the load side of the service equip¬ 
ment. They must be in an accessible location, and be of a lower rating 
than the service overcurrent device. 

The construction and types of service equipment are discussed under 
switches in Div. 4. 

262. There are six possible different arrangements or sequences for 
service equipment consisting of switch, fuses, and meter, as follows: 

1. Switch-fuses-meter. 

2. Switch-meter-fuses. 

3. Fuses-switch-meter. 

4. Fuses-meter-switch. 

5. Meter-switch-fuses. 

6. Meter-fuses-switch. 

When circuit breakers are employed there are, of course, only two 
possible sequences: meter-circuit breaker or circuit breaker-meter. 

The proper order for placing the switch, fuses, and meter in the circuit, 
has been the subject for much dispute and not enough standardization, 
each power company reserving for itself the decision on the proper 
method. Each method has its advantages, and it has been a matter 
for local decision as to which advantage seems most important to the* 
individual power company. Sequences 1, 3, and 4 are allowed by the 
National Electrical Code under any condition. Sequences 2, 5, and 6 
are permitted only on a-c systems of a voltage not greater than 300 
between conductors. 

The switch-fuse-meter sequence (Fig. 199, II) was the most common 
prior to 1935. This sequence has the meter protected by the main fuses 
in case of short circuit in the meter wiring, but, if the switch is sealed, 
service calls for replacing main fuses are more frequent, or, if the switch 
is not sealed, current diversion is possible. Both of these disadvantages 
were a source of expense to the power company and led to the trial of 
other sequences. The switch-meter-fuse sequence (Fig. 199, I) has 
the advantage that the service switch disconnects the meter from the 
supply, and, if the switch is sealed, access to the unfused line wires and 
theft of current is prevented, and at the same time the customer is given 
access to the main fuses. The fuses-switch-meter sequence generally 
is not employed unless it is desired to locate the fuses at the outer end of 
the service raceway. Even then it is best to use additional fuses of a 
lower rating at the point of location of the service switch so that these 
fuses will blow before the outside fuses, which are not easily accessible. 
The fuses-meter-switch sequence (Fig. 199, TV) is given as a matter of 
historical interest, but it is little used at present. Its advantage was that 
the main fuses protected the meter and provided convenient means for 
testing the meter without interrupting the customer's service. The 
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fuses were usually sealed, however, and were therefore a source of service 
calls as explained above, and the switch was of no advantage as far as 
disconnecting the meter and fuses were concerned. The meter-switch- 
fuses sequence is very convenient for outdoor metering, making theft 
of current practically impossible and saving time for the meter reader, 
through his not having to go inside the building or make repeat calls 
when the customer is not at home. The meter can be removed from the 
socket without interrupting the supply, and the only disadvantage is 
that the meter is not protected by the fuses. This has not proved to be a 
serious difficulty, and the trend is toward the standardization of this 



I- Switch- meter - fuses II - Switch - fuses- meter 


Outdoor or indoor meters 



loads 

ZEE- Meter- switch- fuses ET- Fuses-meter-switch 

Fig. 199.—Service equipment sequences. (Trumbull Electric & Manufactur¬ 
ing Co.) 

sequence, which is also readily used with multimetered services as shown 
in Fig. 199, III and Fig. 198. The meter-fuses-switch sequence is very 
seldom used, since it generally does not have any advantage over the 
ineter-switch-fuses sequence. 

263. A master service is a service which supplies more than one 
building under single management. If the buildings are supplied from 
a private distribution system, the services should be installed in accord¬ 
ance with the general requirements for services from a public utility. 
In those installations which include properties with their own generating 
plant, the conductors running from one building to another are not con¬ 
sidered as service conductors. 

The supply to each building must be separately controlled and properly 
protected by overcurrent devices. The control should consist of an 
externally operable enclosed safety switch or a circuit breaker. The 
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control may be located in the building served or in another building, 
provided that it is accessible to persons using the installation. Garages 
and outbuildings of residences and farms come under this class of installa¬ 
tion. Methods of meeting these requirements are illustrated in Figs. 
200 and 201. Although not required and not shown in the figures, it is 
best practice to equip each building with its own individual control and 
protection located inside the building itself. The protection for each 
building should have a lower rating or setting than the protection at F 
in the figures, so that in case of trouble the protection of any one building 
will function without operating the device at F. 



Fig. 200.—Two buildings under single management. No service fuses are 
required in building No. 2 if fuses F are of proper rating to protect conductors 
C. A switch S must be installed to control conductors C. Switch S may be 
in building No. 1 if accessible to persons using building No. 2; otherwise it 
must be in building No. 2. (National Electrical Code Handbook.) 


From' 
distribution 
/me 

JfiJ 

k c 








Bin/chngNo.1 

uuucungnox 


Building No.3 


Fig. 201.—Three buildings under single management. If properly pro¬ 
tected by fuses F, conductors C require no other fuse protection. A switch 
Sz must be provided to control the wiring in building No. 2, and a switch 
8 3 to control the wiring in building No. 3. Switch Ss may be in either 
building No. 1 or building No. 2 if readily accessible to persons using building 
No. 3. (National Electrical Code Handbook.) 

No service should supply one building from another unless they are 
under the same management. 

264. No building should be supplied by more than one set of service 
conductors from the same secondary distribution system or from the 
same transformer except as follows: 

1. Fire Pumps. —If a separate service is required for fire pumps. 

2. Emergency Lighting. —If a separate service is required for emer¬ 
gency lighting purposes. 

3. Capacity Requirements. —If capacity requirements make multiple 
services desirable. 

4. Buildings of Large Area. —By special permission, if more than one 
service drop is necessary owing to the area over which a single building 
extends. 
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5. Multiple-occupancy Buildings.— By special permission, in multiple- 
occupancy buildings where there is no available space for service equip¬ 
ment accessible to all the occupants. 



Fig. 2014.. —Two sets of Fig. 2012?. —Four sets of service en- 
service entrance conductors trance conductors tapped from one set of 

tapped from one service drop, main service conductors. (National Elec- 
(National Electrical Code Hand - trical Code Handbook.) 
book.) 


Two distribution lines 



Fig. 202. Fig. 202.4. 


6. Buildings of multiple occupancy may have two or more separate 
sets of service-entrance conductors 'which are tapped from one service 
drop (Fig. 201.4), (Figs. 198 and 201 B) or two or more sub-sets of service- 
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entrance conductors may be tapped from a single set of main service 
conductors. 

7. In a single occupancy where a set of service conductors is already 
installed for one class of use, one additional set may be installed for a 
different class of use. 

Separate services may be brought into a single building for power and 
light respectively, when the lighting is supplied from a separate secondary 
distribution main as shown in Fig. 202. 

Separate services may be brought into a single building for power 
and light, respectively, if each service is supplied through a separate 
transformer (Fig. 202 A) or if the lighting service is supplied from one 
transformer of a polyphase bank of transformers supplying the power. 

266. Size of. Service Conductors.—Service conductors must have a 
current-carrying capacity sufficient to supply the load of the building 
(refer to Div. 3) and regardless of the actual load must have a current- 
carrying capacity not less than that required by the minimum load 
requirements of Div. 3. Also, regardless of the load, no wire should 
be smaller than the following minimum sizes: 

Conductors Minimum Allowable Size 

Service entrance for all installations, except 

ones supplying a single branch circuit. . No. 8 
Service entrance supplying a single branch No. 12 (but in no case smaller than size of 
circuit. branch circuit supplied) 

Service drop.No. 10 for soft drawn copper; No. 12 for 

medium or hard-drawn copper 

Service of over 600 volts. No. 6, except that in multi-conductor 

cables No. 8 may be used 

266. Installation of Overhead Services.—The conductors for service 
drops may consist of open individual conductors, which may be of the 
rubber-insulated or weatherproof type or of multipleconductor cable of 
approved type (see Div. 2). At the pole, open conductors are dead- 
ended on an insulator rack or on insulators mounted on a crossarm 
separate from the crossarm supporting the distribution main (see Figs. 
57 and 68 of Div. 7). Multi-conductor cable is supported with a special 
cable clamp fastened to a secondary rack as shown in Figs. 203C, 203 D, 
and 2032£. At the building, open conductors are dead-ended on cable 
racks (Fig. 203A, I), on pin-type insulators (Fig. 203/?), or by means of 
strain insulators (Fig. 203.4, II). At the building, multi-conductor 
cables are supported by means of special cable clamps fastened to cable 
hooks mounted on the building wall, as shown in Figs. 203C, 203D, and 
203F. Service drops must have a distance of not less than 8 ft. between 
any point of the roof of a building over which they pates and must have 
a clearance of not less than 36 in. from windows, doors, and porches. It 
is best not to support the conductors from roofs of buildings, but, where 
such support is necessary, the supports should be of substantial construc¬ 
tion. The point of attachment to the building is governed by the follow- 
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ing regulations of the National Electrical Code: In general, the point 
of attachment of a service drop to a building shall be not less than 10 ft. 
above ground and shall be at a height to permit a minimum clearance for 
service-drop conductors of 10 ft. above sidewalks and 18 ft. above drive¬ 
ways, alleys, and public roads. The attachment should not be more 
than 30 ft. above ground unless a greater height is necessary for proper 
clearance. Where the form of the building will not permit placing the 
attachment 10 ft. or more above the ground, the attachment may be less 
than 10 ft. provided all other clearances are obtained and all conductors 
and connections within 8 ft. of the ground are properly insulated. 

The service-entrance conductors may consist of open individual con¬ 
ductors within not less than 8 ft. of the ground, multi-conductor cable 
of approved type (see Div. 2) not protected by conduit, multi-conductor 
cable of approved type protected by conduit, or individual conductors run 
in rigid conduit, or, for circuits not exceeding 600 volts, in electrical 
metallic tubing. Open conductors of the weatherproof type may be 
extended along the exterior of buildings supported on insulators or 
insulator racks, provided they are more than 8 ft. from the ground and 
not exposed to mechanical injury. The supports should be spaced not 
more than 9 ft. apart and should maintain a separation of at least 6 in. 
between conductors and 2 in. from the surface of the building, or should 
be spaced not more than 15 ft. apart and maintain a separation of at least 
12 in. between conductors, or, for systems with a voltage between con¬ 
ductors of not more than 300 volts, may be spaced not more than ft. 
apart and maintain a separation of at least 3 in. between conductors. 

If open wires enter a building, they must be rubber covered at the 
point of entrance and be brought in through individual noncombustible, 
nonabsorptive, insulated tubes or approved roof bushings. The tube 
should be slanted downward toward the outside of the building and be 
cemented in the wall. A drip loop must be formed on the conductors on 
the outside of the wall before entering the tubing. Proper construction 
is illustrated in Fig. 203#. 

Multi-conductor service cables which are approved for mounting in 
contact with the building wall (Types SE and ASE) are supported by 
means of one-hole cable clamps similar to one-hole conduit straps. The 
clamps must be spaced at intervals not exceeding 4}£ ft. Multi-con¬ 
ductor service cables which are not approved for mounting in contact 
with the wall (Type SD) must be supported on insulating supports spaced 
at intervals not exceeding 15 ft. and maintain a distance of at least 2 in. 
from the surface wired over. 

The National Electrical Code requires the following conditions to be 
met where service-entrance conductors are joined to the service-drop 
conductors. Service raceways shall be equipped with a raintight service 
head. Service cables, unless continuous from pole to service equipment 
or meter, shall be equipped with an approved raintight service head or 
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be formed in a gooseneck, taped and painted and held securely in place 
by its connection to service-drop conductors below the gooseneck or by 
a fitting approved for the purpose. Drip loops shall be formed on 
individual conductors. If service-entrance conductors are connected to 
service drop above the service head, the insulation shall be removed for 
yi in. at the lower part of the drip loop to provide drainage. 

267. Installation of Underground Services. —The service conductors 
for underground services may consist of parkway cable, nonmetallic- 
armored cable, or multi-conductor service cable Type USE buried directly 
in the ground, or of any of the above types of cable or lead-sheathed cables 
installed in conduit or underground ducts. The insulation of the lead- 
sheathed cables may be rubber, varnished cambric, or paper. The 
National Electrical Code requires the conductors to be protected where 
entering the building as follows: Where underground service conductors 
enter a building, they shall have mechanical protection in the form of 
rigid or flexible conduit, electrical metallic tubing, auxiliary gutters, the 
metal tape of an approved service cable, or other approved means. The 
mechanical protection shall extend to the enclosure for the service equip¬ 
ment unless the service switch is installed on a switchboard, in which 
case a bushing shall be provided which, except where lead-covered con¬ 
ductors are used, shall be of the insulating type. Where a service 
raceway or duct enters from an underground distribution system, the 
end within the building shall be sealed with suitable compound so as to 
prevent the entrance of moisture or gases. If the cables are carried up a 
pole, they must be protected against mechanical injury to a point at 
least 8 ft. above the ground. Conduit is generally used for this protec¬ 
tion, and a much neater appearance is obtained if the conduit is carried 
up the pole to the point of connection to the distribution main as shown 
in Fig. 204. 

268. Splicing of Service Conductors. —Service conductors shall be 
without splices except as follows: 

1. At point of tap connection to distribution main. 

2. At point of junction of service-drop and service-entrance conductors. 

3. Clamped or bolted connections in a meter enclosure are permitted. 

4. Taps to main service conductors are permitted as provided in sub- 
paragraph of Sec. 264. 

5. A connection is permitted, if properly enclosed, where an under¬ 
ground service conductor enters a building and is to be extended to the 
service equipment or meter in another form of approved service raceway 
or service cable. 

6. A connection is permitted where service conductors are extended 
from a service drop to an outside meter location and returned to connect 
to the service-entrance conductors of an existing installation. 

269 . Typical service installations of proper construction are shown in 
Figs. 203A to 204. Overhead services to occupancies having relatively 
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small loads, such as residences and small stores, are generally made with 
one of the installations shown in Figs. 203A, I, 203C, 203D, 203#, and 
203F. The installation of Fig. 203A represents the older type of con¬ 
struction employing open service-drop conductors and individual service- 
entrance conductors enclosed in rigid conduit, with the service equipment 
located in the cellar of the building. The present trend is toward installa¬ 
tions of the types shown in Figs. 2030, 203D, and 203#. They employ 



Service cable type SD, 
on insulators blown 
to 8 ft. above ground 

Less than 8 ft. above flp] Watertight box 

ground must be 81 1 - 

in conduit \ 


connectors 


Type SO in conduit, 
or type SE orASE, 
not in conduit 


Watthour meter 
in protector case 

Non watertight 
box connectors 


Fig. 2030.—Typical service installation using type SD cable without an 

entrance cap. 



Joulticonductor service cable with the meter mounted in a weatherproof 
housing on the outside of the building about 5 ft. above the ground. 
Installations of this type are superseding the older type, owing to their 
lower first cost, neater appearance, ease of installation, and difficulty 
of current diversion. Frequently the service switch is also mounted 
outside the building along with the meter. 

In congested city residential districts an underground service using 
underground service-entrance cable is frequently run from overhead 
lines (Fig. 204), where a change to underground distribution is planned 
at a later date. This procedure facilitates the change-over, as the part 
of the cable which is above ground may in the future be taken down and 
placed underground and run directly into the underground distribution 
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Capped service- 
cable supports 

Service cable type SC 
(If subject to 
mechanical injury 
must be installed ' 
m conduit) 


Watthour. . 
meter in 
protector case 


Service cable 
ij7~ |/ straps 



J Non watertight 
box connectors 

Fig 203/) —Typical service installation using Type SE cable without an 

ontiance cap 



Fig. 203J?. —Typical service installation using Type SD and Type SE or ASE 

cable. 
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box. In cities where the distribution is all underground, lead-covered 
cable in rigid metal conduit is the most common method of running 
services. The advantage of this system is that, in case the service needs 
to be replaced for any reason, the cable may be pulled out of the conduit 
and another one installed without having to dig up the pavement or 
sidewalk. For apartment-house service a meter trough is installed in 
which are mounted the meter sockets, one for each apartment, in one or 



Fig. 203 F .—Typical service installation using open individual service drop 
conductors and Type SE or ASE service-entrance cable. (General Electric 
Co.) 

more horizontal rows (Fig. 201). Directly under each meter is a branch- 
circuit distribution panel containing fuses or circuit breakers for the 
branch-circuit protection for the apartment. In some cases a service 
switch is provided for each apartment, and a feeder is run to the apart¬ 
ment with the branch-circuit distribution panel located in the apartment. 

For moderate-sized industrial buildings a service frequently is installed 
as shown in Fig. 203A, II. The service-entrance conductors are indi¬ 
vidual rubber-insulated wires. The conduit is carried down the 
inside of the building wall to the point of location of the service equip¬ 
ment. For industrial buildings with heavier loads the type of con¬ 
struction shown in Fig. 203B is often employed. 
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Fig. 204. —Underground service from an overhead line. (Anaconda Wire & 

Cable Co.) 

Types of Construction for Overhead Service Installations 


Type 

Service-drop conductors 

Service-entlance conductors 

Illustration 

1 

Open individual rubber-insu¬ 
lated oi weatherproof type 
conductors 

Individual rubber-insulated 

wires in conduit 

Fig. 203A, I 

2 

Same a.s 1 

Type SD service cable in con¬ 
duit 

Fig. 203A, I 

a 

Same as 1 

i 

Type SE service cable in con¬ 
duit 

Fig. 203A, I 

4 

1 

Same as 1 

Type SE service cable mounted 
directly on wall with cable 
straps 

Fig. 203F 

5 

Same as 1 

Type ASE service cable mount¬ 
ed directly on wall with cable 
straps 

Fig. 203F 

B 

Type SD service cable (the 
service-drop and service-en¬ 
trance conductors consist of 
one continuous length of Type 
SD cable) 

Type SD service cable mounted 
on wall by means of insulators. 
Wheiever less than 8 ft. from 
ground must be enclosed in 
conduit 

Fig. 203<7 

7 

Type SE service cable (the serv¬ 
ice-drop and service-entrance 
conductors consist of one con¬ 
tinuous length of Type SE 
cable) 

Type SE service cable. If sub¬ 
ject to mechanical injur> 
must be enclosed in conduit 

Fig. 203 D 

8 

Type SD service cable 

Type SE service cable. If 
subject to mechanical injury 
must be enclosed in conduit 

Fig. 203 E 

9 

Same as 8 

Type ASE service cable 
mounted directly on wall with 
cable straps 

Fig. 20BS 

\ 
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Fig. 205. —Dial for a watthour meter with 
demand-indicating pointer. (Weatinghouse Elec¬ 
tric & Manufacturing Co.) 


270. For commercial or industrial services the maximum demand is 
usually metered as well as the kilowatt hours. Where the demand is 
of the order of a few kilowatts, this may be done with a single meter which 
has a demand-indicating pointer as well as the usual meter dials (Fig. 

205). For larger instal¬ 
lations a separate indi¬ 
cating-demand meter is 
installed (Fig. 206). 
A recording type of 
demand meter may also 
be employed for instal¬ 
lations of more than 
about 150 amp.; current 
transformers are usually 
required in order to re¬ 
duce the current which 
the meter has to handle. 
If the voltage is more than 250 volts, potential transformers are also 
required. For an underground service from an urban network system, 
the service equipment consists of a main fused switch or circuit breaker, 
a set of current transformers in a sheet-metal cabinet, and meters as 
outlined above. If the supply 
comes from a radial feeder 
system, a transformer bank with 
an oil circuit breaker and dis¬ 
connect switches is installed at 
the building ahead of the above 
service equipment. For an 
overhead service a transformer 
bank is installed just outside the 
building, on a concrete founda¬ 
tion on the ground or on an 
elevated platform between two 
poles. The bank will contain 
high-voltage fuses and lightning 
arresters in addition to the 
transformers. The service con¬ 
ductors are then brought into 
the building in conduit or as 
individual wires to the service 
equipment. Sometimes the 
metering is installed so as to 
measure the input to the transformers so that the customer pays directly 
for the transformer losses. When this is done high-voltage current and 
potential transformers are installed in the leads to the primary of the 





Fig. 206.—Indicating-demand meter. 
(Westinghouae Electric <fc Manufacturing 
Co.) 
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transformers. The meters may then be located in a weatherproof cabinet 
outside the building or located inside the building wall, as before, with a 
conduit to carry the secondary leads from the instrument transformers. 

Crane Wiring 

271. Wiring for cranes consists of the following elements: 

1. Collector switch. 

2. Main collector conductors. 

3. Cab main-line switch. 

4. Bridge collector conductors. 

5. Motor-circuit wiring. 

272. A collector switch or circuit breaker must be installed in every 
circuit feeding crane wires. A fused switch is most frequently used to 
provide overload protection, although in important installations, where 
reliability is essential—where equipment must be placed back in service 
after an accident, in minimum time—circuit breakers are used. From 
an electrical standpoint the best location for the switch is at the center 
of the run. 

It must be readily operable from the ground, be within sight of the 
collector conductors, and be of a type which can be locked in the open 
position. The capacity of the switch must not be less than the values 
given in Sec. 276 for a cab switch. 

273. The main collector conductors are bare copper trolley wires or 
structural-steel conductors that are erected parallel to the crane runway. 
The location of the conductors is determined by conditions. Sometimes 
the crane builder specifies that the conductors must be located in a certain 
position; and in other cases the purchaser selects and specifies the position 
of the conductors, and the crane manufacturer arranges the current 
collectors on the crane accordingly. 

274. Trolley wire for cranes is hard-drawn copper, the same as used 
in electric traction. Hard-draw n wire must be used to prevent excessive 
stretching. Round wire is erected where the method of support adopted 
does not involve the use of trolley ears for holding it at intermediate 
points between the ends of the run. Where trolley ears are used figure- 
eight or, preferably, grooved trolley wire should be used, because they 
can be readily held in screw-clamp trolley ears. Round wire can be used 
with trolley ears, but the ear flanges of these must be hammered down 
around the wire, a time-consuming operation requiring some skill; also, a 
round-wire ear introduces a hump on the wire and makes the trolley 
wheel jump and draw an arc when the wheel passes over the raised place. 
Either 0, 2/0, 3/0, or 4/0 wire is usually required. The wire size required 
is ordinarily specified by the crane builder, but in any case it should 
be large enough so that the voltage drop in it will not much exceed 3 or 4 
per cent of the line voltage with all the crane motors operating at full 
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load. In no case should the wires be smaller than the minimum allowable 
sizes given in Sec. 284 for bridge collector conductors. 

275. Trolley rails of structural steel are being used to some extent 
instead of copper trolley wire to supply current to cranes and other 
moving electrical machinery. The steel rails are made sufficiently heavy 
so that they cannot break and fall as copper wires occasionally do. Some¬ 
times strap steel bars are used, but more frequently a section is adopted, 
such as an angle or a tee, which has considerable stiffness in all directions. 
Steel conductors should be painted, except on the contact edge or face, 
to prevent corrosion. Either a shoe or a trolley wheel can be used to 
collect current from a steel conductor rail. A shoe or spoon, which makes 
a rubbing contact, is probably preferable for the average application. 
Trolley-wheel collectors that travel at high speeds are not successful 
for current collection from steel conductors, because the wheel tends to 
bounce and jump from the rigid rail at joints and uneven places. 

276. The main collector conductors must be isolated by elevation or 
provided with suitable guards so that persons cannot inadvertently touch 
the live parts while in contact with the ground or with conducting 
material connected to the ground. If the crane travels over easily igniti- 
ble combustible fibers and materials the collector conductors must be 
protected by barriers so arranged as to prevent the escape of sparks or 
hot particles. Probably the best location for the collector conductors 
on a bridge crane runway is between the flanges of and parallel to one 
of the crane girders. Here the conductors are out of the way and well 
protected and can be readily supported. It is not often that they are 
erected in any other position. Occasionally the trolley wires can be 
supported from the roof trusses above the crane runway and are installed 
similarly to the trolley wires for trolley cars. A pole collector with a 
wheel at its upper end, exactly like a trolley-car pole but much shorter, 
is used. Where the spacing between roof trusses is very great this method 
may not give good results, because of the wire swinging and the trolley 
coming off. The collector conductors, when carried along runways, 
should normally be supported on insulating supports at intervals not 
exceeding 20 ft. and separated from each other at least 8 in. if mounted in 
a vertical plane or 6 in. if mounted in a horizontal plane except that a 
horizontal spacing of not less than 3 in. may be used for monorail hoists. 
If wires are used they should be secured at the ends with approved strain 
insulators and so mounted on intermediate insulators that the extreme 
displacement of the wires will not bring them closer than 1 % in. from the 
surface wired over. Where necessary the intervals between supports may 
be increased up to 40 ft., provided that the separation between conductors 
is increased proportionately. All sections of the conductors must be so 
joined that a continuous electrical connection is provided. The collector 
conductors must not supply any equipment other than that of the crane 
or cranes which they are designed to serve. 
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277. Methods of supporting crane trolley wires differ with conditions. 
If the crane is provided with hook-shoe collectors (Fig. 207), which 
slide along under and carry the weight of the trolley wire, the wire is 
rigidly held only at the terminations at the ends of the run and is kept 
from sagging by intermediate, insulating brackets, like those shown in 
Fig. 207. If trolley-wheel cur¬ 
rent collectors are used (and 
they probably provide the best 
means of collecting current), the 
tension in the wire is taken by 
the terminations, and the wire is 
also rigidly held by trolley ears 
at intermediate points. 

278. Terminations are made 
as shown in Fig. 208. Strain 
insulators separate the trolley 
wire electrically from the build¬ 
ing members, and either a turn- 
buckle or an eyebolt with a long 
thread can be used for pulling 
the slack from the wire and ad¬ 
justing its tension. The termi¬ 
nations should be depended 
upon to assume the entire ten¬ 
sion of the wire. The intermediate supports are placed merely to prevent 
excessive sagging. The members which take the stresses of the eyebolts 
at the terminations should be very substantial, or thoroughly braced, 
because on them depends the reliability of the entire installation. The 



Fia. 207.- 


Intermediate 
trolley wire. 


bracket for 



eyebolts, turnbuckles, and strain insulators should be not smaller than 
the Jhj-in. size. 

279. Intermediate supports for crane trolley wires, the supports 
installed between the terminations to prevent sagging, can be arranged 
as shown in Figs. 207, 209, and 210. The bracket of Fig. 207 is, as above 
outlined, applicable only where the crane has hook-shoe collectors. The 
block of wood that supports the insulating spools should be thoroughly 
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dry and treated with an insulating paint. The bolt holes in it should 
be deeply countersunk, to eliminate the possibility of grounds. The 
spools should be of porcelain. Porcelain tubes with porcelain knobs 
at the ends to form flanges will do. The length of the insulator between 
flanges should be at least 4 in. Spools turned from fiber are sometimes 
used. The spools should be so arranged that there will be at least a 
}^-in. clearance between them and the hook shoe when it passes along. 

In a fireproof building, where the crane has trollev-wheel collectors, 
the wires can be supported by trolley ears as in Fig. 210. The wooden 
supporting block must be thoroughly painted, and the bolt holes in it 
deeply countersunk, to prevent the possibility of grounds. Tap bolts, 




porta. support. 

screwing in from the rear, support the screw-clamp trolley ears which 
seat against washers. Figure-eight or, preferably, grooved trolley wire 
is used. The wire should be drawn tightly at the terminations, and the 
ears should be installed every 8 or 10 ft. 

For an outdoor crane, as well as for indoor applications, the wires 
can be supported in some cases as shown in Fig. 209. Standard street- 
railway-type trolley hangers and ears are used, which provide excellent 
insulation. The hangers can, provided a proper location of the trolley 
wires results, be bolted directly to the crane girder. 

280. There are almost numberless ways in which steel conductor rails 
can be arranged and supported. The arrangement of a structural-steel 
tee conductor or trolley rail is shown in Fig. 211. Although the arrange¬ 
ment illustrated was developed for serving monorail cranes, which travel 
on the lower flanges of I beams, only minor modifications in the support- 
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ing forging would be required to adapt it for serving bridge cranes or 
other similar traveling electrical machines. Note that a feature of the 
method is that no drilling or close fitting is required in the field. The 
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than % in. diameter is used, because smaller ones than this can be 
twisted asunder too easily. A 1 by lj^- by 6 -in. T bar was selected, 
because this is about the smallest size that is rigid enough to sustain 
itself effectively between supports. A T bar of this size has a con¬ 
ductivity equivalent to that of a 109,800-cir. mil copper conductor, i.e ., 
a copper conductor between Nos. 0 and 2/0 in size. 

The insulating hanger (Fig. 211, II) is similar to a trolley hanger, 
but smaller. A malleable-iron bell encloses the molded material that 
supports and insulates the hanger stud. The Johns-Manville Co. 
makes the insulator to special order, and its mold number is 4689-B. 
The splicing plate (IV) and the clamp (V) are castings, preferably 
malleable iron, and the only machine work on them is the drilling and 
tapping of the holes. The section insulator (VI) consists of two castings, 
a fiber dividing block, and two wrought-iron clamping plates. Direc¬ 
tions for spacing the insulating supports when erecting the conductor 
are given on the illustration. The terminal lug (VIII) is forked instead 
of annular, so that it can be readily disconnected for isolating circuits 
for testing without taking out a bolt. 

Rigid collector conductors must have insulating supports spaced at 
intervals of not more than eighty times the vertical dimension of the 
conductor, but in no case greater than 15 ft., and spaced apart sufficiently 
to give a clear electrical separation of conductors or adjacent collectors 
of not less than 1 in. 

281. Track as Circuit Conductor (National Electrical Code).—Mono- 
rail, tramrail, or crane-runway tracks may be used as a conductor of 
current for one phase of a three-phase a-c system furnishing power to the 
carrier, crane, or trolley, provided the following conditions are fulfilled: 

1. The conductors for supplying the other two phases of the power 
supply shall be insulated. 

2. The power for all phases shall be obtained from an insulating 
transformer. 

3. The voltage shall not exceed 300 volts. 

4. The rail serving as a conductor shall be 

effectively grounded at one point only, preferably 
at the transformer. 

282. In computing the resistance of steel 
trolley rails, the area in square inches of the 
section involved can be taken from one of the 
steel companies’ handbooks, such as are issued by 
the Cambria and Carnegie steel companies; the 
area in circular mils can then be obtained by 
using the rule given below. By dividing this area 
by 6.14, which is the approximate ratio of the 
resistance of mild steel to that of copper, the equivalent copper area of 
the steel conductor results. Then by using the standard formula for the 



of 1 % in. X 1 in. X 
in. steel angle. 
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resistance of a copper conductor, the actual resistance of the steel is 
obtained. 


Example .—What is the resistance of 160 ft. of 1 by 1J.*- by Hs-in. steel angle? 
(See Fig. 212 for a picture of the section.) 

Solution .—By referring to a handbook, it will be noted that the area of 1^- by 1 
by Me-in. steel angle is 0.53 sq. in. Then, to find its area in cir. mils, 


Cir. mils 


area in sq. in. _ 0.53 

' 0.000,000,785,4 “ 0.000,000,785,4 
! 674,800 cir. mils. 


Then 


Equivalent in copper 


cir. mils aiea of steel 


6.14 


674,800 

6.14 


109,800 cir. mils 


Then the resistance of the 160-ft. length will be 

^ 11 X ft. 11 X 160 . , 

Resistance (for copper) = --— = - lSr =— 0.016 ohm 

cir. mils 109,800 

The resistance, therefore, of 160 ft. of 1 by 1by Y\ 6 -in. steel angle is 0.016 ohm. 
It is evident from the equivalent copper area of the steel (109,800 cir. mils;, that the 
conductivity of the steel section will lie between the conductivities of No. 1/0 (105,500 
cir. mils) and No. 2/0 (133,100 cir. mils) copper wire. 


The equivalent copper area in circular mils can be used in any of 
the wiring formulas for computing drop in a steel conductor, just as the 
actual area of a copper conductor is used in the same formulas, and the 
result will be a correct one for the steel section. Obviously the above 
method is approximate, because the constants are approximate, but it 
is quite accurate enough for wiring computations which always involve 
necessarily inaccurate assumptions. 

283. Switch in Cab (National Electrical Code).—If cranes are operated 
from cabs, a switch or circuit breaker rated in amperes shall be provided 
in the leads from the main collector conductors. The switch or circuit 
breaker shall be capable of interrupting the circuit under heavy loads and 
shall be capable of ready control by the operator. 

On both a-c and d-c crane protective panels, the continuous ampere 
rating of the main-line switch or circuit breaker and main-line con¬ 
tactors shall be not less than 50 per cent of the combined short-time 
ampere ratings of the motors, nor less than 75 per cent of the short-time 
ampere rating of the largest individual motor. 

284. Bridge collector conductors are required across the crane bridge 
for carrying the circuit to the carriage and hoist motors. They are 
usually made of bare copper wires supported in the same general way as 
described in Secs. 276 to 279 except that bridge collector conductors 
shall be kept at least in. apart, and, if the span exceeds 80 ft., insulat¬ 
ing saddles shall be placed at intervals not exceeding 50 ft. 

It is recommended that the distance between wires be greater than 
in. where practicable. 
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The wire must be large enough to carry the motor current as explained 
in Div. 3 and must not be smaller than given in the following table: 

Distance between 

Rigid Supports, Ft. Size of Wire 

0-30 No. 6 

31-60 No. 4 

Over 60 No. 2 

285. The motor-circuit wiring must be of the rubber-covered type, 
except in dry locations, where it may be of the varnished-cambric 
type. Wiring exposed to severe external heat and wiring to resis¬ 
tors must be asbestos covered or may be slow burning if the tempera¬ 
ture does not exceed 90°C. (194°F). The conductors must be large 
enough to carry the motor current as explained in Div. 3 and if rubber 
covered must not be smaller than No. 12. Pilot circuits of controllers 



disconnect switch 

Fra. 213. —Direct-cunent crane wiring diagram. 

may be No. 14. The wiring must be enclosed in rigid metal conduit 
or electrical metallic tubing. Where flexible connections to motors or 
controllers are necessary, flexible metal conduit or armored cable may be 
used. In dry locations where space is limited, individual conductors 
may be separately encased in flexible tubing securely fastened in place. 
Short runs for control equipment in the cab or on the bridge may be 
enclosed in auxiliary gutters. Short lengths of conductors at resistors 
and collectors may be left open. A common-return conductor may be 
used for the several motors of a single crane or hoist. 

286. Motor Control and Protective Equipment. —Polyphase motors 
operating cranes and hoists must be protected against reversal of phase 
rotation and against failure of any phase. This protection may be com¬ 
mon for the complete circuit and may be ahead of the main collector 
conductors. The hoists of cranes must be provided with a limit switch 
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which will control the upper limit of travel. It is best practice to 
arrange the control levers of all traveling cranes, in any one installation, 
in the same relative position in all the cages of the different cranes. The 
National Electrical Code allows two motors with their leads, which 
operate a single hoist, carriage, truck, or bridge and are controlled as 
a unit by one controller, to be protected by a single overload device. 
The device should be located in the cab if there is one. 

287. A crane-wiring diagram is given in Fig. 213, which is typical 
for a d-c, three-motor, traveling bridge crane. Variations in crane wiring 
and control schemes are practically numberless. For d-c cranes, series 
motors are almost invariably used, while for a-c cranes, wound-rotor 
motors are used. 

Wiring for Circuits over 600 Volts 

288. For wiring circuits operating at more than 600 volts, the con¬ 
ductors must have an insulation sufficient for the particular voltage 
employed. Open wiring may be used only in generator, transformer, 
switching, and motor rooms and in service runs. Open wires must have 
a flame-retardant outer covering and must be supported on insulators 
of a type approved for the purpose and must be at least 8 in. apart. 
For voltages between 600 and 2,500, the wires must be kept at least 
2 in. from the surface wired over, and for voltages between 2,500 and 
7,500, at least 3 in. Circuits of more than 7,500 volts may be used only 
for neon signs and X-ray and high-frequency equipment or in transformer 
vaults, substations, and fire-resistive motor rooms, or the circuits may be 
run in conduit or duct enclosed in 2 in. of concrete, brick, or equivalent 
fire-resistive material. For locations other than those where open wiring 
is allowed, the wiring must be in rigid conduit, duct, or armored cable 
especially approved for the voltage. Lead-covered cables must be 
terminated in potheads. All live parts including conductors must be 
enclosed or isolated if accessible to unqualified persons. Isolation may 
be accomplished by elevation of the live parts to a height as given by the 
following table: 


Voltage between 

phaHPfi 

Minimum vertical 
clearance of un¬ 
guarded parts from 
floor or working 
surface 

Voltage between 
phases 

Minimum vertical 
clearance of un¬ 
guarded parts from 
floor or working 
surface 

600-6,600 

8 ft. 0 in. 

66,000 

10 ft. 5 in. 

11,000 

9 ft. 0 in. 

88,000 

11 ft. 0 in. 

22,000 

9 ft. 3 in. 

110,000 

11 ft. 7 in. 

33.000 

9 ft. 6 in. 

132,000 

12 ft. 2 in. 

44,000 

9 ft. 10 in. 
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289. Switches, circuit-breakers, and control apparatus on circuits 
exceeding 5,000 volts between conductors (National Electrical Code) 
shall have a metal enclosure such as metal-clad switchgear, trucks, and 
cubicles, or be installed remotely controlled in a fire-resistive switch 
room or motor room or in a vault. 

If live parts of equipment in such metal enclosures carry more than 
600 volts and are accessible by means of a door, the door shall be provided 
with a lock, so that it cannot be opened by unauthorized persons, or 
shall be provided with an interlock which will prevent opening unless 
the parts thereby exposed are de-energized. 

If connected to a circuit exceeding 15,000 volts between conductors, 
such apparatus shall be installed only in a vault. 

Oil circuit-breakers and oil switches are to be isolated. Oil circuit 
breakers and oil switches shall be isolated from other apparatus wherever 
practicable. If mounted in a closed compartment, means shall be 
provided to indicate whether the breaker is open or closed. 

It is recommended that oil switches used to control transformers be 
outside the vaults containing the transformers. 

Switches are to be safely accessible. All switches shall be so located 
that the point from which they are operated is safely accessible to 
qualified and authorized persons. Isolating switches shall be accessible 
to qualified persons only. Barriers should be provided on both sides 
of isolating switches. 

Warning Signs.—Unless isolating switches are so interlocked that 
they cannot be opened under load, signs shall be installed at isolating 
switches warning against opening them while they are carrying current. 

290. Overcurrent Protection (National Electrical Code).—Each 
transformer, or bank of transformers operating as a unit, except instru¬ 
ment transformers, and each other operating unit of apparatus, shall be 
protected from overcurrent by a manually operable circuit breaker which 
will interrupt all ungrounded conductors, except that fuses may be used 
as given in Sec. 291. Transformers operating in multiple, except in 
the case of two transformers of equal capacity, shall be separately 
protected on both primary and secondary sides. 

291. Oil-filled or other suitable types of fuses may be used on circuits 
not exceeding 2,600 volts to ground and rated at not more than 300 amp., 
or not exceeding 7,500 volts and 100 amp., for the following purposes: 

1. For the protection of individual feeder or branch circuits at the point 
where they receive their supply. If there is more than one such circuit, 
there shall be a manually operable circuit breaker between the point 
of origin of such circuits and the source of supply. 

2. For the protection of individual transformers, or banks of trans¬ 
formers operating as a unit when such transformers are supplied by a 
common feeder, provided that such feeder at the point where it receives 
its supply shall be protected by a circuit breaker which can be operated 
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manually by either mechanical or electrical means. A circuit supplying 
a single transformer or bank of transformers need not have circuit-breaker 
protection. 

3. For the protection of other classes of apparatus by special per¬ 
mission. 

Fusible cutouts shall be so installed that the blowing of the fuse will not 
result in injury to persons or damage to other equipment. They shall 
be accessible to qualified attendants only. 

Wiring for Circuits Less than 50 Volts 

292. For wiring circuits of less than 50 volts, conductors not smaller 
than No. 12 must be used. If the conductors supply more than one 
appliance or appliance receptacle, they must not be smaller than No. 10. 
Not more than 8 lamp holders or receptacles or a total load of more than 
320 watts may be connected to a branch circuit. Motors or appliances 
rated at more than 320 watts must have individual branch circuits. 
Receptacles must be rated at not less than 15 amp.; in kitchens, laundries, 
and other locations where heating appliances are likely to be used the 
receptacles must be rated at not less than 20 amp. 

Wiring for Hazardous Locations 

293. Hazardous locations are divided by the National Electrical 
Code into four classes: 

Class I.—Locations in which highly inflammable gases or liquids are 
manufactured, used, or handled, such as hydrogen, gasoline, alcohol, 
etc. 

Class II.—Locations in which combustible dust is likely to be thrown 
into suspension in the air in sufficient quantities to produce explosive 
mixtures, such as flour mills, grain elevators, coal pulverizing plants, 
etc. 

Class III.—Locations in which easily ignitible fibers or materials 
producing combustible flyings are handled or used, such as textile mills, 
cotton gins, or woodworking plants. 

Class IV.—Locations in which easily combustible fibers are stored, 
such as warehouses for cotton waste, hemp, Spanish moss, excelsior, etc. 

294. Equipment for installation in hazardous locations Classes 1 and 
II must be tested and approved for use, according to the following 
classification of the hazard involved. 

Class I, Group A, atmospheres containing acetylene. 

Class I, Group B, atmospheres containing hydrogen or gases or vapors 
of equivalent hazard, such as manufactured gas. 

Class I, Group C, atmospheres containing ethyl ether vapor. 

Class I, Group D, atmospheres containing gasoline, petroleum, 
naphtha, alcohols, acetone, lacquer-solvent vapors, and natural gas. 

Class II, Group E, atmospheres containing metal dust. 
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Class II, Group F, atmospheres containing carbon black or coal or 
coke dust. 

Class II, Group G, atmospheres containing grain dust. 

290. In Class I hazardous locations all wiring must be in rigid metal 
conduit with explosion-proof fittings. All equipment such as circuit 
breakers, fuses, motors, generators, controllers, etc., must be totally 
enclosed in explosion-proof housings. 

296. In Class II hazardous locations the wiring must be in rigid conduit 
with threaded fittings. All equipment must be in dustproof cabinets with 
motors and generators in totally enclosed or totally enclosed fan-cooled 
housings. 

297. In Class III hazardous locations the wiring must be of the same 
type as in Class II, and if the atmosphere is such that lint and flyings 
will collect on motors or generators they must be enclosed as in Class II. 

298. In Class IV locations open wiring is permitted, provided the con¬ 
ductors are protected where they are not run in roof spaces or well out 
of reach of mechanical injury. Rotating machines must be enclosed 
as in Class II. For further special rules for hazardous locations in regard 
to receptacles, plugs, lighting fixtures, portable cords, cranes, control 
equipment, service equipment, panel boards, etc., consult the National 
Electrical Code. 


Installation op Appliances 

299. Connection to Circuit and Protection. —A portable appliance may 
be connected only to a receptacle having a rating at least as great as the 
appliance (see Table 376). Appliances rated at more than 20 amp. 
must be supplied by an individual branch circuit protected by fuses or 
circuit breaker rated at not more than 150 per cent of the rating of the 
appliance and in any case not more than 70 amp., unless the appliance 
has subdivided circuits protected at not more than 50 amp. each. If the 
appliance is portable, the receptacle used must be rated at least as large 
as the branch-circuit fuse or circuit breaker. 

The standard duplex convenience outlet receptacle is rated at 15 amp. 
and may supply a single 15-amp. fixed appliance if used on a 15-amp. 
branch circuit. Heavy-duty receptacles rated at 20, 30, and 50 amp. 
may be obtained for higher current appliances. These may be two wire, 
two wire polarized (for direct current), and three wire polarized. Refer 
to Div. 4 for description of receptacles. Most household appliances, 
such as toasters, hot plates, percolators, flat irons, waffle irons, refrigera¬ 
tors, radiant heaters, roasters, portable ovens, etc., are rated at less than 
12 amp. so that they may be used in the standard outlet on a 15-amp. 
circuit. Some of the roasters and ovens are rated at 15 amp. so that they 
require a 20-amp. branch circuit. 

Appliances other than motor-operated ones are not required to have 
individual overload protection. They are considered to be satisfactorily 
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protected by the overload protective devices in the branch circuit to 
which they are connected. The protection of motor-operated appliances 
must be in accordance with the rules given in Sec. 434 of Div. 5. 

It is recommended that appliances of less than 1,650 watts should be 
operated from systems of less than 150 volts. 

300. In wiring appliances one of the approved types of cords listed in 
Div. 2 should be used. If the appliance is rated at more than 50 watts 
and temperatures of more than 120°C. (250°F.) are produced on surfaces 
with which the cord is apt to be in contact, one of the types of heater 
cords must be used. Every heating appliance which is intended to be 
applied to combustible material, as a smoothing iron, must be equipped 
with a stand. Each heating appliance intended to be located in a fixed 
position must have ample protection provided between the appliance 
and adjacent combustible material. 

301. Disconnecting Means (National Electrical Code).—Each appli¬ 
ance shall be provided with a disconnecting means, which may be a 
switch, a separable connector, or a plug receptacle. For appliances of 
more than 1,650 watts rating, the disconnecting means shall not be a 
part of the appliance, shall disconnect all ungrounded conductors, and 
shall be located as follows: 

1. It shall be readily accessible to the operator of the appliance. 

2. In other than dwelling occupancies it shall control only the appli¬ 
ance. 

3. In multifamily (more than two) dwellings the switch shall be within 
the apartment, or on the same floor as the apartment in which the 
appliance is installed, and may control lamps and other appliances. 

4. In two-family dwellings the switch may be outside the apartment 
in which the appliance is installed but shall be readily accessible. This 
will permit an individual service switch for the apartment to be used, 
provided it is accessible to the user of the appliance. 

5. In single-family dwellings the service switch may be used for this 
purpose. 

Unit Switches. —Switches controlling the individual units of appliances 
shall not be considered as taking the place of the single disconnecting 
means. 

Switch to Be Indicating. —If a switch is used as the disconnecting 
means it shall be of the indicating type. 

302. Portable appliances need not be grounded unless they operate 
at a voltage of more than 150 to ground. 

303. Signals and Temperature-limiting Devices for Heated Appliances. 
In other then residence occupancies, each electrically heated appliance 
or group of electrically heated appliances intended to be applied to com¬ 
bustible material shall be installed in connection with a signal unless 
the appliance is provided with an integral temperature-limiting device. 
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804. The electric range consists of a number of heater elements each 
rated at 1,000, 1,200, 1,500, or 2,000 watts, so that it must usually be 
supplied with an individual three-wire branch circuit. The heater ele¬ 
ments usually contain two units controlled by connecting the units in 
various combinations of series and parallel between the two lines and the 
neutral. Some types also provide a rheostatic control for gradual 
adjustment for simmering on low heat. 

805. Building Heating. —With the usual electric rates available, 
heating buildings electrically is ordinarily too expensive to be practical. 



0 1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 

Fig. 214.—Heat losses through walls, etc., measured in watts per square foot 

of surface. 


But, for small buildings or for buildings located where the climate is mild, 
electric heating may be more practical and cheaper than any other type. 
Electric heaters are frequently used for heating small areas of large 
industrial plants. A very approximate rule to determine the amount 
of power required is to allow ^ watt per cu. ft. of air space for a tempera¬ 
ture difference between outside and inside of 40°F., or find watts per 
sq. ft. from Fig. 214, according to the temperature difference expected 
between inside and outside the wall. Then total up the watts required 
for the different walls and add an allowance for heating up fresh air (0.11 
watt per cu. ft. will allow for three changes of air per hour with a 70° 
temperature difference; any other values will be proportional). Electric 
heating is practically 100 per cent efficient since all the power is turned 
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into heat, and the only loss is that required to raise the temperature of 
the material of the heater initially to the operating temperature. 

306. Heaters as used in buildings are of three general types: 1. 
Radiant heaters (Fig. 215, I) which have a coil heating element in the 
center of a curved surface of copper or chromium plate. These heaters 
do not heat the air appreciably but throw off radiant heat rays which 


warm any opaque object in 
their path. They are primarily 
useful for warming one’s body 
in the bathroom or in time of 
illness. 

2. Convection heaters (Fig. 
215, II) heat the air, which in 
turn rises and circulates all over 
the room. To be effective they 
should be located a few inches 





Path of air 

II- Blower type unit blower 
(Edwin L.Wiegand Co.) 


Fig. 215.—Room heaters. 


off the floor and have an unobstructed path for the circulation of air 
through them. They are available in sizes up to about 5 kw. 

3. Blower-type unit heaters (Fig. 215, III) have a fan which forces the 
air over the heater elements and out into the room. This type of heater 
is usually located high up on the wall so as not to produce too much 
draft. It has the advantage of rapid circulation of air and is useful in 
hard-to-heat corners and for temporary heating at a rapid even rate. 
They are available in sizes up to 40 kw. 

307. Electric water heaters for domestic use make use of either 
immersion heaters or strip heaters. The immersion heaters (Fig. 216,1) 
have the heating coil embedded in refractory material inside a cartridge 
sheathed with copper. It is inserted in the side of a tank with the 
terminals projecting on the outside. This is the type generally used for 
tanks originally designed as electric water heaters. For converting an 
existing hot-water boiler for electric water heating, curved strip heaters 
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(Fig. 216, II) are clamped around the outside of the tank. In either 
case a heavy corrugated asbestos insulating covering should completely 
cover the tank to minimize heat loss. There should be a dead-air space 
between the insulation and the strip heaters to prevent highly localized 
heating of the strips, which would occur if the insulation were placed 
against the heater. 


Heat 

insulation « 


Container. 


'Top insulation casing 
Insulation 



Outer casing' 
to support heat 
insulation 


ap container with proper 
Taretard pipe thread 



Inner casing 
to support heat 
insulation 


Note clearance > 
between tabs 


Chromalox strip heaters 
bent type 

'Pipe or 
tank 


I-Immersion type 

Fig. 216.- 


31 -Clamp-on type 

-Water-lieater elements. 


308. Many power companies have an “off-peak,** water-heating rate 

in which they charge from % to 1 1 £ cts. per kw.-hr. for power used by the 
water heater during the night. This is registered on a separate meter, 
and the circuit may be controlled by a time-clock switch or by carrier- 
current relaying. The latter method is preferable from the standpoint 
of the customer because the low rate may be obtainable any time that the 
system maximum demand is low enough to warrant switching on the 
water-heating circuits. Such a metering system usually requires two 
water heating units, one of small capacity (about 750 or 1,000 watts) 
located low in the tank and operated from the off-peak circuit to keep 
the entire tank at as high a temperature as possible. The other unit is 
of larger rating (1,500 or 2,000 watts) located near the top of the tank 
to act as a booster to heat the water in the top of the tank rapidly at times 
when the other unit does not keep the water hot enough. Either or both 
units may be equipped with thermostatic or manual control. Other 
companies have a step rate in which the power used by the water heater 
is supposed to fall in the lowest step blocks. This has the advantage 
of simpler metering and control but allows the water-heating load to 
determine the system maximum demand. If the rate is set low enough 
to be attractive to prospective customers, it may be uneconomical for 
the power company. Unless the customer has an electric range the power 
used by the water heater will usually fall in too high a rate step to be 
attractive to him. Considerable experimentation is still being tried with 
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different rates to determine the proper metering to give satisfaction to 
both the customer and the power company. Apparently some method 
of preventing the water-heating load from adding to the system peak and 
at the same time filling in the valleys of the system load curve, when 
generating and distribution facilities are partially idle, is the most 
satisfactory to all concerned. 

Wiring for Electric Sign and Outline Lighting 

309. Types of Signs.—Electric signs or outline lighting may consist 
of incandescent lamps or gaseous-discharge tubing (commonly called 
neon signs). Refer to Div. 9 for discussion of lamps and tubing. 

310. Methods of Wiring Incandescent Electric Signs (Data on Electric 
Signs, The National Electric Light Association).—Lamps burning in 


low-Voltage Multiple with Transformer 3‘Wire Connection 
C •'Secondary 



Length of feeders-- 
To serve B-rnrt secondaries, \ 
transformer secondaries Y 
are co nnected in parallel. J 


Transformer 
for 100-/TO Molt service primary 
1 windings are connected in parallel. 
Primary 



Straight Series A 


Multiple Groupj in Series 


Note-'-Diagmm C for alternating current onty, others may be vsedonACorOrO* 
Fia. 217.—Methods of connecting sign lamps. 


multiple may be connected either two wire or three wire, as shown in Fig. 
217. In series wiring, lamps may be connected either in straight series 
or multiple series, as shown. Where transformers (see division on 
Transformers for information on sign transformers) are used to obtain 

Connections cut between lamps-lamps L 

Fig. 218.—Method of changing sign wiring from multiple to series. 


low voltage, lamps may be connected either two wire or three wire as in 
standard multiple wiring, the transformer reducing the voltage from the 
regular 110- or 220-volt circuits to the voltage required by the lamp. 
The ordinary multiple wiring can be changed to straight series wiring 
by merely clipping the alternate connections between lamps (Fig. 218). 

In a large sign any combination of series or multiple series may be used. 
With straight series wiring, should one lamp in the series bum out, all 
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the lamps in that series will be out. If the lamps are connected in 
multiple series, the failure of one lamp does not cause any of the other 
lamps to go out. However, there should not be less than eight to ten 
lamps in each multiple group, or the failure of one lamp will cause too 
much current to flow through the other lamps of the same group, thus 
shortening their lives. 

811. Different effects of flashing or motion may be obtained with 
incandescent signs by the use of a sign flasher. Cams or a drum are 
mounted on a shaft that is rotated by a small electric motor (Fig. 219). 
The circumferences of the cams or of the drums are so cut that, in the 
brush-type flashers, the brushes will make contact only during certain 



Plan and Wiring Diagram 

Fig. 219.—The elementary sign flasher. 

predetermined portions of a revolution and thereby complete the electric 
circuit through the sign lamps only during that period. In the carbon- 
type flashers the cams, instead of carrying current and making and 
breaking the contacts directly, operate to open and close carbon-break 
contact switches which control the sign lamps. The possible variations 
in arrangement of cams and drums for producing different effects are 
almost numberless. 

312. Method of Wiring Neon -lamp Signs.—Neon lamps used for signs 
are of the high-voltage type (see Div. 9). The lamps are supplied from 
ordinary lighting circuits through small step-up transformers. The 
voltage required depends upon the length of neon-lamp tubing used in 
the sign. The maximum voltage employed on the lamps is 15,000. 
When the length of tubing is greater than can be illuminated with 
15,000 volts, two or more transformers are employed as required. Prac¬ 
tically always neon signs are completely wired and installed by the 
manufacturers, the purchaser simply providing the necessary outlets from 
the general lighting system. Also, the servicing and maintenance of 
the signs generally is handled by the manufacturer. 

318. The installation of all signs or outline lighting, whether of the 
incandescent or gaseous-discharge type, must meet the following require¬ 
ments: All equipment and devices used with signs must be enclosed 
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in metal boxes. Except for portable incandescent signs, the boxes must 
be grounded, unless they are insulated from ground and other conducting 
surfaces and are inaccessible to unauthorized persons. Each sign, except 
a portable one, must be controlled by an enclosed, externally operable 
switch located within sight of the sign or, if not so located, capable of 
being locked in the open position. All devices, such as switches, flashers, 
etc., unless of a specific type approved for this type of application must 
have a current rating which is not less than twice the current rating of the 
transformer supplying the sign. The circuits must be so arranged that 
none will have a load of more than 15 amp. 

314. The installation of incandescent signs (600 volts or less) must 
be in accordance with the following National Electrical Code require¬ 
ments. Any changes in wording from that of the Code or additional 
explanatory notes are printed in italics. 

Conductors shall be installed as follows: 

a. Method of Wiring.—Conductors shall be installed as open con¬ 
ductors on insulators, or in rigid metal conduit, flexible metal conduit, 
electrical metallic tubing, armored cable, or metal troughing. 

b. Insulation and Size.—Conductors shall be of the rubber-covered 
type and, except in portable signs, shall be not smaller than No. 14. 

c. Lead-covered Conductors.—Conductors in rigid conduit, electrical 
metallic tubing, flexible metal conduit, armored cable, or in metal 
troughing exposed to the weather, shall be of the lead-covered type, 
except where rigid conduit, electrical metallic tubing, or enclosures are 
made raintight and arranged to drain. 

d. Number of Conductors in Raceway.—For sign flashers the number 
of conductors in conduit or tubing may be in accordance with Table 
23 of Div. 10. 

e. Open Conductors.—Open conductors on insulators shall comply 
with the provisions of the Code as given in Secs. 26 to 61 and, if out¬ 
doors, with the requirements given in Div. 7, except that the separation 
between conductors need be only 2 in., provided that open conductors 
may be supported by lamp holders located not more than 1 ft. apart. 

f. Conductors Soldered to Terminals.—Where the conductors are 
fastened to lamp holders other than of the pin type, they shall be soldered 
to the terminals, and the exposed parts of conductors and terminals shall 
be treated to prevent corrosion. Where the conductors are fastened to 
pin-type lamp holders which protect the terminals from the entrance of 
water, and which have been found acceptable for sign use, the conductors 
shall be of the stranded type but need not be soldered to the terminals. 

Lamp Holders.—Lamp holders shall be of the keyless-porcelain or 
molded-composition type and shall be so constructed and installed as to 
prevent turning. Miniature lamp holders shall not be employed for 
outdoor signs and outline lighting. A socket with an extending porcelain 
cap which protects the base of the lamp from water is desirable in that it 
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gives a longer life to the lamp. A removable copper shell is desirable, inas¬ 
much as there is a certain amount of wear from the taking of the lamps out 
of the sign for cleaning or renewing , and , as the workmen are in the air , 
they cannot be so careful as they would be under ordinary conditions , and 
the copper shell is often torn . If the copper shell cannot be removed from the 
front of the socket , it is necessary to open up the sign to make repairs , while 
if the shell can be removed , a new one can be put in at small expense . 

315. The installation of gaseous-discharge signs (exceeding 600 volts) 
must be in accordance with the following National Electrical Code 
requirements (Secs. 316 to 320): 

316. Transformers.—Transformers shall be of the enclosed type and 
shall be so installed as to be accessible after installation. They shall 
have a secondary-voltage rating of not over 15,000 with an allowance 
on test of 1,000 volts and, for use in residences, shall have a secondary- 
current rating of not over 60 milliamp. They shall be of a type approved 
for the purpose, and after installation the high-voltage terminals shall 
be enclosed so that access to them will result in opening the primary 
circuit or will necessitate the use of other than ordinary tools such as 
pliers or screw drivers. Open-core and coil-type transformers shall 
not be used except in the small portable indoor type of gas-tube signs. 
Transformers exposed to the weather shall be of the weatherproof type 
or otherwise protected from the weather. 

Transformer Secondary Connections.—The high-voltage windings 
of transformers shall not be connected in series or parallel. 

317. Installation of Conductors.—Conductors shall be installed as 
follows: 

a. Wiring Method.—Conductors shall be installed as open work, as 
concealed conductors on insulators, or in rigid or flexible metal conduit 
or electrical metallic tubing. Conductors may be run from the ends of 
tubing to the grounded mid-point of transformers specifically designed 
for the purpose and provided with terminals at the mid-point. Where 
such connections are made to the transformer-grounded mid-point, the 
connections between the high-voltage terminals of the transformer and 
the line ends of the tubing shall be as short as possible. 

b. Insulation and Size.—Conductors shall be of a type approved for 
the purpose and for the voltage of the circuit, and shall not be smaller 
than No. 14. 

c. Bends in Conductors.—Sharp bends in the conductors shall be 
avoided. 

d. Open Conductors—Indoors.—Open conductors indoors shall be 
mounted on noncombustible, nonabsorptive insulators. Insulators of 
porcelain shall be glazed on all exposed surfaces. A separation of at 
least 1J^ in. shall be maintained between conductors and between 
conductors and other objects. Conductors shall not be located where 
subject to mechanical injury. 
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e. Concealed Conductors on Insulators—Indoors.—Concealed con¬ 
ductors on insulators shall be separated at least 1)4 in. from each other 
and from all objects other than the insulators on which mounted. They 
shall be installed in channels lined with noncombustible material and used 
for no other purpose, except that the primary-circuit conductors may be 
in the same channel. The insulators shall be of noncombustible, non- 
absorptive material. 

f. Show Windows and Similar Locations. —If conductors hang freely 
in the air, away from combustible material, and if not subject to mechani¬ 
cal injury, as in some show-window displays, they need not be otherwise 
protected. 

g. Conductors in Raceways. —Conductors in rigid or flexible metal 
conduit or electrical metallic tubing shall be lead covered if required 
by the authority enforcing the National Electrical Code. If the con¬ 
ductors are covered with lead or other metal sheathing, this covering 
shall extend beyond the end of the conduit, and the surface of the cable 
shall not be injured where the covering terminates. The insulation on all 
conductors leaded and unleaded shall extend at least 4 in. beyond the 
end of the lead or the raceway, except for conductors at grounded mid¬ 
point terminals. Any single run of cable in metal raceway shall not 
exceed 20 ft. where the voltage between the cable and the raceway is in 
excess of 5,000. 

h. Open Conductors—Outdoors. —Open conductors outdoors shall 
be mounted on noncombustible, nonabsorptive insulators. Insulators 
of porcelain shall be glazed on all exposed surfaces. A separation of at 
least 2 in. shall be maintained between conductors and between conduc¬ 
tors and other objects. Where subject to mechanical injury, or where 
within reach from ground, roof, or window, conductors shall be enclosed 
in raceways or suitably guarded. If guarded, a spacing of not less than 
1)4 in. shall be maintained between conductors and the enclosure unless 
the enclosure is nonconducting and non combustible. 

318. Tubing. —The tubing shall be free from contact with flammable 
material, shall not be located where normally exposed to mechanical 
injury, and if operating at a voltage in excess of 7,500 shall not be in 
contact with metal. It shall be supported on noncombustible, non¬ 
absorptive insulating supports and when operating in excess of 7,500 volts 
shall be kept at least )4 in. from metal. The tubing shall be of such 
length and design as not to cause a continuous overvoltage on the 
transformer. 

319. Terminals and Receptacles for Gas Tubing. —Terminal and 
receptacles for gas tubing shall comply with the following: 

a. Terminals.— -The terminals of gas tubing shall be inaccessible to 
unqualified persons and isolated from combustible material and grounded 
metal or shall be enclosed. If enclosed they shall be separated from 
grounded metal by nonabsorptive, noncombustible insulating material 
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approved for the purpose, or by 1 % in. of air. Terminals shall be relieved 
from stress by the independent support of the tubing. The terminals 
shall be so designed that the tubing can be replaced without the necessity 
of exposing uninsulated live parts. 

b. Tube Connections Other Than with Receptacles. —If tubes do not 
terminate in receptacles designed for the purpose, all live parts of tube 
terminals and conductors shall be so supported as to maintain a separa¬ 
tion of at least 1in. between conductors or between conductors and 
any grounded metal. 

c. Receptacles. —Electrode receptacles for gas tubing shall be of non¬ 
combustible, nonabsorptive insulating material approved for the purpose. 
If the spring-contact type of receptacle is used, it shall be so designed 
that, even with the tube removed, the live spring will be recessed a dis¬ 
tance equal to three times the diameter of the receptacle opening. It is 
recommended that the primary circuit be controlled by a relay that will 
open the circuit when a tube in the secondary circuit is broken or removed. 
Live parts shall be protected by barriers which require other than ordinary 
tools such as pliers and screw drivers for removal unless access to the 
parts requires the disconnection of the primary circuit. 

320. Enclosures. —Enclosures for signs and outline lighting shall 
conform to the following: 

a. Conductors and Terminals. —Sign boxes, cabinets, and outline 
troughs shall have conductors and terminals, except the supply leads, 
enclosed. 

b. Cutouts, Flashers, Etc. —Cutouts, flashers, and similar devices 
shall be enclosed in metal boxes, the doors of which shall be arranged so 
that they can be opened without removing obstructions or finished parts 
of the enclosure. 

c. Enclosures Exposed to Weather. —Enclosures for outside use shall 
be weatherproof and shall have an ample number of drain holes, each 
not larger than or smaller than }/± in. 

d. Material. —Except for portable signs of the indoor type, signs and 
outline lighting shall be constructed of metal or other noncombustible 
material. Wood may be used for external decoration if placed at least 
2 in. from the nearest lamp holder or current-carrying part. 

e. Strength. —Enclosures shall have ample strength and rigidity. 

f. Thickness of Metal. —Sheet copper shall be at least 20 oz. (0.028 in.). 
Sheet steel may be of No. 28 IJ.S. Standard gage (0.0149 in.) except 
that for outline lighting and for gas-tube signs sheet steel shall be of 
No. 24 U.S. Standard gage (0.0239 in.), unless ribbed, corrugated, or 
embossed over its entire surface, when it may be of No. 26 U.S. Standard 
gage (0.0179 in.). 

g. Protection of Metal. —All metallic parts of enclosures shall be 
galvanized or otherwise protected from corrosion. 
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h. Switches on Doors. —Doors or covers giving access to uninsulated 
parts of indoor signs or outline lighting exceeding 600 volts and accessible 
to the general public shall be either provided with interlock switches which 
on the opening of the doors or covers disconnect the primary circuit, or 
so fastened that the use of other than ordinary tools will be necessary to 
open them. 

321. Current-carrying Capacities of Flashers.—Double-pole flashers 
are made in four sizes that will carry respectively 15, 30, 45, or 60 amp. 
per switch. Single-pole carbon flashers are made that will carry 5 amp. 
per switch. Brush-type flashers are rated at from 2 to 5 amp. on each 
brush and are not reliable for greater currents. Noncarbon, double- 
pole-switch flashers are made for currents of 15 amp. and greater, but 
it is claimed by some manufacturers that 15 amp. should be the maxi¬ 
mum because no knife switch can successfully break greater currents 
continuously. 

322. Wiring and Installing Brush-type Flasher.—Figure 220 shows 
the wiring for a sign for “spelling” out. The neutral wire (or one main 



on a two-wire system) runs direct to the sign through the customary 
cutouts, and the outside “legs” (or remaining main on a two-wire system) 
run to the flasher as a common feed. From the flasher one wire is run 
to each individual letter through the customary cutouts. In the case 
of a double-face sign, two like letters can be connected in multiple and 
regarded as one circuit, provided the load which one switch of the flasher 
is designed to carry is not exceeded. 

Always install so that the copper brushes are at the front of the flasher. 
Follow the general installation directions given for carbon flashers in 
another paragraph. 
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828. Wiring diagrams for carbon sign flashers (Reynolds Dull Flasher 
Co., Chicago) are given in Fig. 221. Unless otherwise ordered, flashers 
are furnished requiring a wiring arrangement like that at III. The load 
is balanced by running the neutral around the machine to the cutouts, 
breaking only the outside legs on a 220/110-volt system. Although 
this method of wiring is entirely feasible, is no harder on the contacts, 
and permits the use of a cheaper flasher, it is technically a violation of 
the insurance rules, which specify that all circuits of more than 660 watts 
must be broken double pole. If the load is absolutely balanced it would 
break double pole at 220 volts, and the lamps would be in series, but if 
the load is not exactly balanced there would be single-pole breaking. 
In other words, it is a double break and again it is not, according to 



circumstances. The use of this machine wired in this way should be 
taken up with the local inspector. If he is disposed to take a broad view 
of the matter he will undoubtedly permit its use, as it is just as safe as 
any other way, but if he should insist on ad absolute observance of the 
National Electrical Code, it is probable that he would not permit it. 

824. In installing and wiring a carbon flasher (Reynolds Dull Flasher 
Co., Chicago) run the mains to the upper bridge of the flasher, and run 
the submains to the sign and to the terminals on the base of the machine. 
The submains are divided into the small circuits either in the sign or as 
close thereto as possible to save the cost of wiring. Each small circuit 
into which the submains are divided should be protected with fuses, and 
some inspectors may require that the submains also be protected with 
fuses where they leave the flasher. 

Place the flasher on a wood shelf, 15 in. wider and 10 in. longer than 
the slate base, in such manner that the carbons are in the front, the 
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motor at the left with the commutator side to the front. The shelf 
should be covered with asbestos, and, if the machine is in a basement 
or out of sight, cover it with an iron or fireproof box, but, if it is to be run 
in plain view, it should be covered with a glass case. Run all wires 
through bushings in the shelf close to the base of the machine. 

Do not screw either flasher or motor down tight but leave }£ in. clear¬ 
ance under the heads of the screws. The top of a show window, a board 



Thrww-Wire Systam (balanced Load) Two-Wire System 


Flu. 223.—Wiring for flashing sign. 


and the same general arrangement is used for a traveling border. For a 
fountain effect, number the lamps at the beginning of each stream and 
so continue to the end of the stream, and where several streams run 
parallel all the lamps in one horizontal row can be connected to the same 
branch as though they were one lamp. Traveling borders on an ordinary 
3- by 10-ft. sign should have lamps spaced about 6 in. apart. In a 
fountain 15 ft. high the lamps should be about 9 in. apart. Figure 
222, II, shows the wiring diagram for smoke, flame, steam, dust, and 
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running-water effects. Avoid a straight-across arrangement of lamps, 
as the resulting effect will be unnatural. 

826. The wiring for a flashing illuminated sign, i.e., a painted sign 
which is successively illuminated (by lamps carried in a reflector trough 
above it) and darkened by the lamps being extinguished is shown in Fig. 
223. Lamps should be 16 c.p. and mounted not more than 12 in. apart 
in the reflector, which should preferably be of the silver-backed type. 
For flashing in colors, but three can be used, namely, red, clear, and 
amber. Other colors such as green, blue, etc., are too dense to produce 
a good effect, and little light will throw down more than 8 ft. A carbon- 
type flasher should be used. 

Signal Wiring—Bell, Annunciator, and Burglar-alarm Wiring 

327. Signal wiring systems are divided by the National Electrical 
Code into four classes as follows: 

a. Class 1. —Systems used for protective purposes such as fire-alarm, 
burglar-alarm, and similar systems. 

Systems of Class I are further regulated by separate codes. 

For detailed service provisions for Fire Alarm Sprinkler, Supervisory, 
or Watchman Systems, see standards of the National Board of Fire 
Underwriters. 

b. Class 2. —Systems in which the power is limited in accordance with 
Sec. 327A. 

C. Class 3. —Systems of not more than 30 volts, where the current is 
not limited as in Class 2. 

d. Class 4. —Systems other than those defined in Classes 1, 2, or 3. 

327A. Limitations of Class 2 Systems. —Class 2 systems shall be 
limited as follows: 

a. Central-station Circuits. —Circuits operated as a part of a central- 
station system such as telephone, telegraph, district messenger, and the 
like. 

b. Local Circuits. —Local circuits which may extend beyond one 
building and which meet any one of the following requirements: 

(1) Maximum 16 Volts; 6 Amp. —Circuits operating at not exceeding 
15 volts and fused at not more than 5 amp. If the current supply is 
from transformers or other devices having inherent current-limiting 
characteristics and approved for the purpose, or from primary batteries, 
the fuse may be omitted. 

(2) 16 to 30 Volts; 3 Amp. —Circuits operating at more than 15 volts, 
but not exceeding 30 volts, and fused at not more than 3 amp. If the 
current supply is from transformers or other devices having inherent 
current-limiting characteristics and approved for the purpose, or from 
primary batteries, the fuse may be omitted. 

(3) 30 to 60 Volts ; 1 \i Amp. —Circuits operating at more than 30 volts, 
but not exceeding 60 volts, and fused at not more than 1)4 amp. If the 
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current supply is from a transformer or other device having inherent 
current-limiting characteristics and approved for the purpose, the fuse 
may be omitted. If current-limiting means other than fuses are installed 
between the wiring and the source of supply and these will limit the cur¬ 
rent at a fault to not exceeding 1 amp., a 3-amp. fuse may be used in 
place of the 1 J^-amp. fuse. 

(4) More than 60 Volts; 1 Amp.—Circuits operating at more than 
60 volts and fused at not more than 1 amp., provided that such circuits 
are equipped with current-limiting means other than fuses which will 
limit the power as a result of a fault to not exceeding 150 watts. 

c. Transformer Rating.—Transforming devices supplying local cir¬ 
cuits covered in paragraph b of this section shall be restricted in their 
rated output to not exceeding 100 volt-amp. 

328. Wiring Requirements.—The National Electrical Code requires 
systems of Classes 1, 2, or 3 to be installed in accordance with the regula¬ 
tions given in Secs. 329 to 336. Wiring for Class 3 systems must in 
addition comply with the requirements of Sec. 337. Wiring for Class 
4 systems must be installed in accordance with the general requirements 
for interior wiring as previously discussed in this division. 

329. Protective Devices (National Electrical Code).—A protector 
approved for the purpose shall be provided on each circuit, aerial or 
underground, so located within the block containing the building served 
as to be liable to accidental contact with light or power conductors 
operating at a potential exceeding 250 volts, and on each circuit run partly 
or entirely in aerial wire or cable not confined within a block. 

a. Location. The protector shall be located in or on the building as 
near as practicable to the point where the conductors enter. In the case 
of an underground entrance the protector may be located at the junction 
of the underground and the aerial wires. 

b. Hazardous Locations. The protector shall not be located in any 
hazardous location (see Sec. 293), nor in the vicinity of easily ignitible 
material. 

The word 4 ‘ block ” shall be construed to mean a square or portion 
of a city, town, or village enclosed by streets and including the alleys so 
enclosed but not any street. 

c. Protector Requirements. The protector shall be mounted on a 
noncombustible, nonabsorptive insulating base and shall consist of an 
arrester between each line conductor and the ground, and a fuse in each 
line conductor, the fuses protecting the arrester. The protector terminals 
shall be plainly marked to indicate line, instrument, and ground. 

d. Metal-sheathed Cable. —Fuses protecting the arrester may be 
omitted on circuits entering a building through metal-sheathed cable, 
provided the metal sheath of the cable is grounded and the conductors 
in the cable are No. 24 or smaller. 
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880. Installation of Conductors (National Electrical Code).—Conduc¬ 
tors from the protector to the equipment or, where no protector is 
required, conductors attached to the outside or the inside of the building 
shall comply with the following: 

a. Neatly Arranged. —Conductors shall be neatly arranged and shall 
be secured in place in a workmanlike manner. 

b. Separation from Other Conductors. —Conductors shall be separated 
from conductors of electric-light and power circuits as follows: 

(1) Open Conductors. —Conductors shall be separated at least 2 in. 
from any light or power conductors not in conduit unless permanently 
separated from the conductors of the other system by a continuous 
and firmly fixed nonconductor, additional to the insulation on the wire, 
such as porcelain tubes or flexible tubing. 

(2) In Raceways and Boxes. —Conductors shall not be placed in any 
raceway, compartment, outlet box, junction box, or similar fitting with 
conductors for light and power circuits, unless the conductors of the two 
systems are separated by a partition, provided that this shall not apply 
to conductors in outlet boxes, junction boxes, or similar fittings or com¬ 
partments where such conductors are introduced solely for power supply 
to signaling equipment or for connection to remote-control equipment. 
The number of conductors in a raceway shall be limited only by the 
requirement that the cross-sectional area of all conductors shall not 
exceed 40 per cent of the area of the raceway. 

(3) In Shafts .—Conductors may be run in the same shaft with con¬ 
ductors for light and power if the conductors of the two systems are 
separated at least 2 in., or if the conductors of either system are encased 
in noncombustible tubing. 

c. Vertical Runs. —Conductors bunched together in a vertical run 
shall have a fire-resistant covering capable of preventing the carrying 
of fire from floor to floor, except where conductors are encased in non¬ 
combustible tubing or are located in a fireproof shaft having fire stops 
at each floor. 

The conductors would ordinarily be insulated, but, except for systems 
of Classes 1, 3, and 4, the kind of insulation is not specified, as reliance 
is placed on the protective device to stop all dangerous voltages and 
currents. 

881. Transformers or Other Current Supply (National Electrical 
Code).—Controllers, transformers, or other devices supplying current 
from electric-light and power circuits shall be of a type approved for the 
purpose. Devices approved for supplying or controlling current to Class 
2 circuits shall be marked where plainly visible to show the voltage 
applied to the circuit and whether or not they are of the current-limiting 
type. 

882. Safety-control Circuits (National Electrical Code).—Circuits 
to safety-control devices, the failure of operation of which would intro- 
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duce a fire or life hazard, shall be installed in accordance with the general 
requirements for interior wiring or in cable approved for the purpose. 

388. Grounding (National Electrical Code). — Equipment shall be 
grounded as follows: 

a. Cable Sheath. —The metal sheath of aerial cables entering buildings 
and which are liable to contact with electric-light or power conductors 
shall be grounded or shall be interrupted close to the entrance to the 
building by an insulating joint or equivalent device. 

b. Protector Ground. —The protector ground shall comply with the 
following: 

(1) Insulation. —The grounding conductor shall have a rubber 

insulation and shall be covered by a substantial fibrous covering. Con¬ 
ductors approved for the purpose having less than J^s-in. rubber insula¬ 
tion or having other kinds of insulation may be used. 

(2) Size. —The grounding conductor shall not be smaller than No. 18 
copper. 

(3) Run in Straight Line. —The grounding conductor shalt be run in as 
straight a line as practicable to the grounding electrode. 

(4) Mechanical Injury. —Where necessary, the grounding conductor 
shall be guarded from mechanical injury. 

(5) Electrode. —The grounding conductor shall preferably be con¬ 
nected to a water-pipe electrode. In the absence of a water pipe, con¬ 
nection may be made to a continuous and extensive underground gas 
piping system, to an effectively grounded metallic structure, or to a 
ground rod or pipe driven into permanently damp earth. Steam or 
hot-water pipes or lightning-rod conductors shall not be employed as 
electrodes for protectors. A driven rod or pipe used for grounding 
power circuits shall not be used for grounding signal circuits. The 
requirement for a separate driven electrode for signal circuit and for 
power-supply circuit grounding does not prohibit bonding together the 
signal and power grounding electrodes where such bonding seems 
desirable. 

(6) Electrode Connection. —The grounding conductor shall be attached 
to a pipe electrode by means of a bolted clamp to which the conductor 
is soldered or otherwise connected in an effective manner. If a gas-pipe 
electrode is used, connection shall be made between the gas meter and 
the street main. In every case the connection to the grounding electrode 
shall be made as close to the earth as practicable. 

334. Outside wiring of overhead conductors which enter buildings 
shall comply with the following National Electrical Code rules —Circuits 
which require protectors (see Sec. 329) shall comply with subparagraph 
(1) of Sec. 330 and also the following. 

a. Insulation, Single or Paired Conductors. —Each conductor, from 
the last outdoor support to the protector, shall have Jfo-hi. rubber 
insulation, except that when such conductors are entirely within a block 
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the insulation on the conductor may be less than K‘ 2 -iu., but not less 
than o-in. in thickness. In addition, the conductor, either individually 
or over the pair, shall be covered with a substantial fibrous covering. 
Conductors with rubber insulation of a thickness less than specified 
above, or conductors with other kinds of insulation, approved for the 
purpose, may be used. 

b. Insulation, Cables. —Conductors within a cable of the metal- 
sheathed type, or within a cable having a rubber sheath of at least J^ 2 “in. 
thickness and covered with a substantial fibrous covering, may have 
paper or other suitable insulation. If the metal or rubber sheath is 
omitted, each conductor shall be insulated as required in paragraph a 
of this section, and the bunched conductors shall be covered with a 
substantial fibrous covering. 

c. On Buildings. —Open conductors shall be separated at least 4 in. 
from light or power conductors not in conduit or cable, unless perma¬ 
nently separated from conductors of the other system by a continuous 
and firmly fixed nonconductor additional to the insulation on the wires, 
such as porcelain tubes or flexible tubing. Open conductors exposed 
to accidental contact with light or power conductors operating at over 
250 volts and attached to buildings shall be separated from woodwork 
by being supported on glass, porcelain, or other insulating material 
approved for the purpose. 

d. Entering Buildings.—Except when a protector is installed on the 
outside of the building, or the entering conductors are in a cable or pass 
through masonry, the conductors shall enter the building either through 
noncombustible, nonabsorptive insulating bushings or through a metal 
raceway. Raceways or bushings shall slope upward from the outside, or, 
where this cannot be done, drip loops shall be formed in the conductors 
immediately before they enter the building. Raceways shall be equipped 
with an approved service head. More than one conductor may enter 
through a single raceway or bushing. Conduits or other metallic race¬ 
ways located ahead of the protector shall be grounded. 

335. Lightning Conductors (National Electrical Code).— A separation 
of at least 6 ft. shall be maintained between signal conductors on buildings 
and lightning conductors. 

336. Underground Circuits (National Electrical Code).—Under¬ 
ground conductors of signal circuits entering buildings shall comply 
with the following: 

a. Not with Electric-light or Power Conductors. —Underground con¬ 
ductors shall not be placed in a duct, handhole, or manhole containing 
electric-light or power conductors, except in a section separated from 
such conductors by means of brick, concrete, or tile partitions. 

b. Underground Block Distribution.—Where the entire street circuit 
is run underground and the circuit within the block is so placed as to 
be free from liability of accidental contact with electric-light or power 
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circuits of over 250 volts, the insulation requirements of subparagraphs 
a and d of Sec. 834 shall not apply, the conductors need not be placed 
on insulating supports, and no bushings shall be required where the 
conductors enter the building. 

387. Additional Requirements for Installation of Class 3 Systems 

(National Electrical Code). 

a. Wiring Method. —Conductors and equipment shall be installed in 
accordance with the general requirements for interior wiring, except 
as follows: 

(1) Number of Conductors in Raceway. —The number of conductors 
in a raceway shall be limited only by the requirement that the cross- 
sectional area of all the conductors shall not exceed 40 per cent of the 
area of the raceway. 

(2) Branch-circuit Conductors. —Branch-circuit conductors need not 
be individually protected against overcurrent if in conduit or other 
approved metallic raceways, in noncombustible raceways, or in cable 
approved for use without fuses. Circuits which are fused may be 
installed in cable approved for use with fuses, in lieu of the requirements 
of paragraph c of this section. 

b. Feeder Conductors.—Main or feeder conductors shall not be in 
the same cable with branch-circuit conductors unless the branch-circuit 
conductors are provided with overcurrent protection. Main or feeder 
conductors may be in contact with the cable or placed under an additional 
covering which encloses both the cable and the main or feeder conductors. 

c. Conductor Insulation.—Conductors Nos. 18 and 16 shall have an 
insulation at least equal to that of Type RF-32, rubber-covered fixture 
wire or of other approved type. Conductors larger than No. 16 shall 
be rubber-covered Type R or other approved type. Main and feeder 
conductors shall have a flame-retardant, moisture-resistant outer cover 
unless in metal or other noncombustible raceways or enclosures. 

d. Conductor Size.—Conductors shall not be smaller than No. 18 
and shall be in accordance with Tables 19 and 20 of Div. 10. 

e. Overcurrent Protection. —Conductors shall be protected against 
overcurrent in accordance with the general requirements for interior 
wiring. Conductors of Nos. 18 or 16 shall be considered as protected by 
overcurrent devices of 15-amp rating or setting, except for elevator 
wiring. Branch signal or control circuits shall be protected by not over 
15-amp. fuses, except as provided in subparagraph a (2) of this section. 

f. Rating of Power Supply. —The rating of the power supply shall not 
exceed 1 kw. 

338. In installing signal wires in finished buildings the rubber-covered, 
twisted-pair copper wires may be used. They may be run along the top 
of the baseboard or along the picture molding. Where it is desirable 
to conceal the wiring and where expense is no consideration, the wires 
may be fished like lighting wires in concealed work. Whert wires are 
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bunched together in a vertical run, a fire-resisting covering, sufficient 
to prevent fire from traveling from floor to floor, must be provided. 

389. Signal wires may be supported on wood in dry places with metal 
staples (Fig. 224) driven into the timber. Never fasten more than one 
wire under a staple, unless the wires are first protected with a tape 
wrapping. In damp places ordinary staples rust and eat through the 
insulation. Electrolytic action may ensue, whereby the wire will be 
eaten through. It is very difficult to drive round-topped staples in 



straight; hence staples having square tops, of a style narrower than the 
ordinary double-pointed tacks, should be used. Zinc-coated staples 
are preferable to coppered ones. Insulating-saddle staples (see illustra¬ 
tion II), are probably as cheap in the long run as the ordinary metal ones, 
as two wires can be safely held under one saddle staple, and time is 
thereby saved. Insulating-saddle staples secure the wire well at turns 
and prevent the metal from cutting into the insulation. In stringing a 
long run, a saddled staple at the end will hold the slack until the inter¬ 
mediate staples are placed. 

340. Cleats of compressed, impregnated wood (see Fig. 224) are good 
for supporting a twisted-pair conductor in an exposed place, as they are 
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very neat in appearance. Either nails or screws can be used to hold them. 
The compressing of the wood prevents the cleats from splitting. They 
are particularly useful for runs over plastered surfaces and in other 
places where staples cannot be used. When stringing long runs of wire, 
compressed wood cleats at the run ends will hold the slack until the inter¬ 
mediate cleats are placed. These wood cleats cost less than those of 
either porcelain or fiber. They can also be used to support single wires, 
one wire under a cleat. 

341. Insulated nails (Fig. 224, IV) having a metal stem and a head 
of insulating material are used for supporting twisted-pair conductors, 
and, although they are cheap, they do not support the wires so well as 
does the wood cleat. They do not hold a single wire well and do not 
properly hold back slack in long runs. The nails are made in different 
lengths and with heads of different colors to match surroundings. 

342. Hard-fiber cleats (Fig. 224, V) are used where one or more single 
conductors are to be supported, but are not so good as the wood cleats, 
although they cost more. It is sometimes necessary to use them where 
the wire supported is too large for the standard wood cleat. 

343. Wire for bell work in dry places is usually No. 18 copper, double 
cotton covered and paraffined. Where more than two or three bells 
are connected to the circuit, or where the circuits are long, No. 16 wire 
should be used. No. 14 is frequently used for battery wires. Rubber- 
covered, twisted-pair wires, like those used for interior telephone wiring 
by the telephone companies, can often be used to advantage in damp 
places or where the circuits are exposed. No. 20 wire, although some¬ 
times used, is too small for reliable work. Annunciator and twisted-pair 
wire is made with insulating coverings of different colors, so one can be 
selected that will match the surroundings and thereby be inconspicuous. 
Cables of annunciator wire, which can be obtained with practically any 
number of conductors from 2 up to 200, are very convenient and eco¬ 
nomical for large installations. In perfectly dry locations, a cable having 
a paraffined, braided cotton covering can be used, but if it is to be exposed 
to dampness a lead-covered cable should be installed. By having the 
cable conductors covered with braids of different colors, the conductors 
can be readily identified. A kind of weatherproof wire called dampproof is 
quite satisfactory for exposed wiring in damp places. It is more expensive 
than annunciator wire, but it has a better appearance when installed. 

344. The installation of signal wiring in wooden-framed buildings 
requires great care. The conductors are so weak mechanically, so poorly 
insulated, and frequently so numerous that, if work is not systematically 
and thoroughly erected, trouble invariably results. The wires can be 
supported in unfinished houses by fastening them to the studs and joists 
with staples. In finished houses wires can be run behind a baseboard 
or under the molding at its top, or by prying up a floor board the wires 
can be placed under it. A saw cut, into which the wires! can be dropped. 
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845. In fishing for vertical wires a piece of small chain 2 ft. long is 
attached to a length of strong cord. The chain and cord are pushed 
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through a hole bored for the wire at the top of the partition, and the noise 
made by the chain when the cord is pulled up and down will indicate the 
location of any obstruction. With the obstruction located, the baseboard 
or floor board can be taken out and a hole can be bored or some other 
means adopted to provide a pocket whereby the chain can be reached. 

346. The steel fish bit (Fig. 225) is a useful tool in installing signal 
wires. The bit has a hole in its end. After the bit has been bored 
through an orifice, the wire to be drawn through is made up through the 
hole and the wire and bit are together drawn back through the orifice. 
The use of a fish wire is thereby eliminated. In a floor or ceiling, the 
orifice having been bored, it may be more convenient to withdraw the bit 
first and then thread the wire through the hole at the end of the bit and 
push the bit back through the hole. Good bits of this type are so tem¬ 
pered that they will drill through wood, masonry, wrought iron, or struc¬ 
tural steel. 

347. Electric bell circuits are shown in Fig. 226. Many of these 
are quite simple but are included so that all will be together for the 
electrician’s reference. Two ordinary vibrating bells will not work well 
together in series, so, when it is necessary to connect two 
or more in series, one should be a single-stroke bell, as in 
IV. A multiple arrangement II is preferable to a series 
arrangement, and the batteries for a multiple arrange¬ 
ment are more effective if connected in multiple. Try a 
series and a multiple arrangement of cells and ascertain 
which works best. Where several signal bells must be 
located together, gongs of different types (VI), each of 
which gives a different sound, can be used. 

348. Power Supply for Bell Circuits. —Although in the 
diagrams a battery has been shown as the power source, 
whenever an a-c supply is available a bell-ringing trans¬ 
former stepping the voltage down to about 6 to 18 volts 
is usual. Refer to Div. 6 for description of bell-ringing 
transformers. The transformer eliminates the trouble of 
having to replace batteries. It is of the high-reactance 
type, which has a no-load loss of only a few watts and 
which will deliver a maximum current of only a few amperes even when 
short-circuited. Types are available which can be mounted on the cover 
of a standard 334-in* outlet box, or, where appearance is important, a 
flush type with a louvered cover which can be mounted inside a switch 
box is available (Fig. 227). 

On important signaling systems where the a-c supply is not fully 
dependable, a storage battery is used and kept charged with a copper 
oxide rectifier. 

849. Return-call bell circuits for different services are shown in Fig. 
228. With these, when a station is signaled, the party called can signal 
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back by pressing his button. In general ground return circuits are unde¬ 
sirable, as one ground on one of the normally ungrounded wires may 
render the system inoperative; furthermore, there are often “stray” 
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currents from electric railway circuits flowing in the earth, which may 
interfere with the operation of the bell circuits. With the arrangement 
of Fig. 228, VII, when the calling station is the one at the single-stroke 
bell, the caller may be sure that the called station is ringing, because it is 
the vibrating bell at that station that causes the single-stroke boll to ring 
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860. Apartment-house and speaking-tube, bell-wiring circuits are 

shown in Fig. 229. One battery serves for all stations. Frequently a 



Fig. 229.—Apartment-house bell circuits. 


wire larger than the other wiring is used for the battery wire, which 
supplies all the stations. 

361. Electric bells of different types are shown 
in Fig. 230. The vibrating bell is the one 
commonly used. The single-stroke bell can be 
used in series with a vibrating bell, which will 
open and close the circuit and thereby make the 
single-stroke bell also operate. Door chimes 
are frequently used instead of bells. They have 
a plunger which strikes against a bar or hollow 
tube to produce a pleasing musical note. The 
endosed-bar and short-tube types (Fig. 231, I 
and II) are made with either a single-note or a 
double-note type. With the double-note type 
a single note sounds for the bell push from one 
door and a double note from the bell push 
from another door. The cathedral chimes (Fig. 231, III) play a series 
of musical notes. 



Fig. 230 .—Electric bells 
of different types. 
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852. A double-contact, three-point or return-call push button (Fig. 
232), is used in return-call bells and annunciator circuits. Applications 
of push buttons of this type are shown in the diagrams. 

353. Annunciator circuits are shown in Figs. 234 and 235. With an 
elevator annunciator a cable having as many conductors as there are 
push buttons and one additional battery conductor is required. One end 
of this cable is attached to the car as shown in Fig. 233, and the other is 
made fast midway up the elevator shaft and should be connected to the 
push-button wires with binding posts on a connection board. The 
connection board is of great convenience in locating trouble. It is a 
good plan to install a cable having one more conductor than is actually 
required, so that a spare will be available in case of trouble. 

Annunciators cannot be operated successfully in multiple because 
of the many paths that are afforded the signaling current through 
annunciators so connected. In Fig. 234, III is shown one correct method 
of connecting two annunciators installed at different locations and 
operated from the same buttons and battery. Either one or the other 
of the annunciators can be thrown into service with the six-point Bwitch. 
If two annunciators are to operate simultaneously the drops of one must 
be connected in series with the drops of the other. In V is shown an 
incorrect method of connecting two annunciators. With it, when one 
button is pressed there are several paths for the current and it will divide 
and flow as shown in the lower diagram and may, unless the annunciator 
adjustments and battery strength are just right, throw all the drops. 
Annunciators connected in accordance with this method will ultimately 
give trouble. 

The method of connection of IV is used where attendants are signaled 
from annunciators located in different parts of the building during certain 
periods of the day and from a centrally located annunciator at other times. 
Piither the local annunciator bells or the common annunciator can be 
shunted out when necessary with the short-circuiting switches shown. 
Figure 235, I shows a diagram of a Parker, Carter & Wilkins return-call 
annunciator system. With this system there is a considerable saving in 
wire, as only one direct wire is required from a room to the annunciator. 
Two common battery wires are around the house. 

Figure 235, II and IV shows two methods of accomplishing the same 
end. That of II is probably preferable for the average installation 
because (1) the signaling current does not pass through any button 
except that being pressed, (2) single-contact, not double-contact, push 
buttons are used, and (3) only one battery wire is carried to the rooms. 

With the fire-alarm system III, when any one of the switches is closed 
all the annunciator stations are signaled. 

354. Bell-ringing transformers (Fig. 236) should always, where there 
is alternating current, be used for operating signaling systems such as 
those for bell and annunciator service. A well-made bell-ringing trans- 



1290 


AMERICAN ELECTRICIANS' HANDBOOK [Div. 8 



I-Wiring for ar\ IT Correct Method of Interconnecting 

Elevator Annunciator Two Annunciators 



Diagram Showing Current Paths 
E-Annunciators on Each Floor Elncorrect Method of Interconnecting 
and a Common Annunciator Two Annunciators 

Fig. 234.—Annunciator circuits. 











Div. 8] 


INTERIOR WIRING 


1291 



Ughfina Belltinging front Door Servant's foarDoor Dmmaft 

Circuit Transformer Bel! Annunciator Bel / Buzzbr 

Fig. 236.—Application of a bell-ringing tiansformer. 


rules for light, power, and heat wiring and that the secondary wiring shall 
be installed in accordance with the rules for signal-system wiring. It is 
well to try out a bell-ringing transformer with any instrument that is to 
be operated by it, if the instrument has coils of many turns (such as an 
annunciator), before final connections are made, because the impedance 
of these coils to the alternating current sometimes * 1 chokes ” the current 
and renders operation less satisfactory than would be expected, judging 
from the secondary-voltage rating of the transformer. A well-designed, 
bell-ringing transformer requires very little energy for its operation. 
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855. Burglar-alarm systems (“Standard Handbook”) are simply 
modifications of call-bell systems; the bell circuit being closed whenever 
a door, window, transom or skylight, etc., is opened. More elaborate 
alarm systems entail the use of an annunciator indicating which window 
or door, etc., has been opened; a continuously ringing bell; a silent test 
switch to show that every window, door, etc., in the house has been 
properly closed; switch for testing bell and battery; a general switch for 
cutting out the alarm system during the day or whenever it is not 



required; lock switches for admitting persons with proper keys without 
sounding the alarm; attachments for lighting an incandescent lamp or 
gas-jet automatically when the alarm sounds so that the annunciator 
drop may be visible, and numerous other refinements. 

The chief requisite of an alarm system is the certainty of action of the 
apparatus and contacts. Since the apparatus may stand months and 
even years without being called into action, rubbing contacts, german- 
silver springs, etc., are largely employed. Wires, contacts, etc., should 
be concealed and should be installed in a first-class manner. 

856. There are two classes of burglar-alarm systems: open circuit 
and closed circuit. In open-circuit systems the circuit or circuits to 
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doors and windows throughout the building are normally open and when 
the circuits are closed by a door or window being opened the alarm is 
sounded. In closed-circuit systems the circuit throughout the building 
is normally closed, and current is flowing in it. When it is opened the 
alarm is sounded. 

357. Open-circuit systems 
are shown in Figs. 237, 238, and 
239. Some arrangement—a 
continuous-ringing bell or drop 
—must be provided whereby the 
circuit through the alarm boll 
will remain continuously 
closed if a house circuit is closed 
instantaneously. In setting the 
system for the night, the battery 
switch and the circuit switches 
are all opened. Then the 
battery switch is closed and the 



To Circuit Closing tyring 
Fiu. 239.—Open-circuit burglar-alarm 
system using an annunciator in com¬ 
bination with a continuous-ringing bell. 


circuit switches are closed one at a time, thereby locating any circuit on 
which there is trouble or on which a window may have been left open. 
Open-circuit systems are usually installed in preference to closed-circuit 
systems because of their simplicity. 

358. One objection to the open-circuit system is that, if the wires 
should be cut, no protection is afforded, the alarm being then inoperative. 
When properly installed, however, the cutting of wires is a very rare 
occurrence. To guard against this possibility, a closed-circuit system 



Fig. 240.—Closed-circuit burglar alarm with two alarm circuits. 


may be installed in connection with the open-circuit system, the window, 
door, and other contacts being arranged to open the circuit of a relay 
which thereby makes contact with the bell circuit. This system will 
give the alarm when the wires are cut, or when the closed-circuit battery 
is run down, or when a window, door, etc., has been opened. A straight 
closed-circuit system may also be installed. 

359. Closed-circuit systems are more sensitive than open circuit 
but are more liable to disarrangement. Figure 240 shows an initnHatinn 
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with two house circuits, but usually one house circuit suffices. Fine 
bare copper wire (No. 24 gage) can be used for the house circuits and may 
be strung in front of doors, windows, and objects to be protected so that 
its breakage will open the circuit and set off the alarm. Gravity cells 
are used for the closed-circuit battery, and Leclanche cells for the open- 
circuit battery. 

360. Burglar-alarm fittings are shown in Fig. 241. Figure V shows 
burglar-alarm attachments for protecting windows, skylights, blinds, 
etc. A wire or string is attached to the ring and is drawn so as to break 
the contact. Further tension on the wire or string or its severance will 



Burglar Rear View Assembled 

Alarm Trap ^ Ya | e Lock Alarm-Switch. 


Fig. 241.—Burglar-alarm fittings. 


establish the contact and give the alarm. Alarm springs for shades are 
shown in Fig. VI. The string of the shade is attached to the arm or 
hook so as to break the contact. Any interference with the setting makes 
contact and gives warning of intruders. A lock burglar-alarm switch 
is shown in Fig. VIII. This is placed on the doorframe so that persons 
with proper keys can enter without giving the alarm. Turning the key 
opens the bell circuit. 

A burglar-alarm trap is shown in Fig. VII. This simple device has a 
great many applications. The illustration shows the trap in a balanced 
position, i.e.j the switch is not making contact. The string connected to 
the switch may be attached to a window, door, or skylight, or stretched 
across a hall, open doorway, etc., to be protected against intruders. 
The slightest disturbance of the string will draw the switch to one side 




Div. 8] 


INTERIOR WIRING 


1295 


and make contact, and if the string is broken the spring will draw the 
switch to the opposite side and make contact so that in either case an 
alarm is given. An auto-drop or constant-ringing attachment is shown 
in Fig. 242. The bell circuit is closed automatically and is kept closed 
as long as desired. The drop is placed in the bell 
circuit and when the circuit is closed by a push 
button, door, or window spring the circuit-closer 
drop is operated by an electromagnet and keeps the 
circuit closed until the drop is raised again. 

Instead of contacts in windows, doors, etc., 
electric mats are sometimes used. An invisible 
electric mat is placed under the .carpet or other 
floor covering, which when trod on or touched by 


p Vibrating Dot! 

1 \ Open CiroutfSpntj g 

r battery 
if Drop 

VAutomafic Drop 


Fig. 242.— Constant 
ringing attachment. 
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the foot sounds an alarm or signal in any part of the house by closing the 
bell circuit. By this means windows may be left open for ventilation and 
protection still obtained. 

361. Clock burglar alarms (“Standard Handbook”) (Fig. 243) may 

be had which automatically dis¬ 
connect sections at predeter¬ 
mined times. These may also 
be fitted with a constant-ringing 
switch, a servants 7 call switch, 
an incandescent lamp, or an 
attachment for automatically 
lighting the whole house in case 
of an alarm. Switches are 
provided for testing each circuit 
leaving the annunciator, for 
testing the bell and line, and for 
testing the battery. 

362. The installation of a 
burglar-alarm system (open 
circuit) is shown in Fig. 244. It 
is to be understood that all the 
windows in one room are con¬ 
nected in multiple so that only 
one drop on the annunciator is 
required for each room. Figure 
245 shows the arrangement of a 
simple, closed-circuit, burglar- 
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Fig. 243. 


-Burglar-alarm clock annunci¬ 
ator. 


alarm system. All the contacts are arranged to open the closed circuit 
when disturbed; this releases the armature of the relay, which is instantly 
drawn by the spring to complete the bell circuit and give the alarm. This 
arrangement requires the use of both closed-circuit and open-circuit 
batteries and although a trifle the more expensive is the most reliable^ 
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system that can be installed. 
In this system the alarm is 
given, the room indicated, and 
the lamps throughout the 
building turned on whenever 
the circuit is opened. In 
closed-circuit systems a resis¬ 
tance should be placed in the 
circuit when the alarm is not 
set (“Standard Handbook”). 

Circuit-opening or closing 
springs are usually placed in 

window frames and door- 
Fia. 244. Open-circuit burglar-alarm jftmbs In installing springs 

sys pm. care f u l that the door or 

window fits snugly enough so that the spring will lie in its normal position 
when the door or window is 
closed. 

Wiring for Special 
Occupancies 

363. The National Electrical 
Code should be consulted for 
special rules on installations in 
the following occupancies: 

1. Elevators. 

2. Emergency lighting. 

3. Garages. 

4. Motion-picture studios. 

5. Theaters, including 
motion-picture projectors. 

6. Trolley wires in buildings. 

7. Sound-recording equipment. 

8. Organs. 

9. Radio equipment. 

10. X-ray and high-frequency equipment. 

Design of Interior Wiring Installations 

364. Factors Affecting Wiring Layouts (“Standard Handbook”).— 
In conduit work the space available often dictates that the feeders be 
split up into two or more feeder lines. Conduit larger than 2 in. in 
diameter is not easily handled, and even if the run were such that 2-in. 
conduit could be easily installed it would be preferable to install smaller 
conduit and divide the feeders so as to guard against complete shutdown, 
should anything happen to the feeders. 



Fig. 245.—Closed-circuit burglar- 
alarm system. Annunciator indicates 
room and switch throws on all lights. 
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In reinforced-concrete floors a cross section of the floor must be studied 
to see that there will be sufficient space for the reinforcing rods, conduit 
or raceways, and necessary thickness of concrete. This is especially 
true where conduits cross. The local building code should be consulted 
to see what restrictions are placed on floor installations. A minimum 
thickness of 1 in. of concrete over conduits and raceways should be used 
to prevent cracking. 


Example .—The building code may allow floors 4 in. thick with %-in. reinforcing rods 
located with 1 in. of concrete covering the underside (Fig. 246). This would mean that 
there is a minimum space of 1 in. between the top of the reinforcing rods and the top 
of any conduit. For this installation, K-in. conduit, which has an outside diameter of 
1.06 in. (Table 75), would be the largest size allowable. There could be no crosses of 
conduit because even two M-in. conduits 
would take up 2 X 0.84 =* 1.68 in. of space, 
which is more than the 1>£ in. available. 


In brick walls there must be two 
thicknesses of brick in order to 
conceal conduits, and the distance 
between them must be studied to 
determine the maximum size for 
vertical runs of conduit. For bare- 
conductor feeders a layout of the 
cross section of the chase should be 


Conduit 


Vof concrete protection x 

1^4 Available for conduits : 

Surface of floor. ! / 

- 


v- J/ih- 










3 /4 Reinforcing rods —/ 

/ "of concrete protection 
Fig. 246.—Study of space avail¬ 
able for conduits in reinforced con¬ 
crete floors. 


made to determine the space required for the insulators, feeders and hard¬ 
ware, and for working space for installing them. These are only a few of 
the possible examples where space for wiring must be considered. Very 
often the mistake is made of installing feeders just large enough to carry 
the present load, and when additions are called for the feeders are over¬ 
loaded, and additional feeders must be installed at great expense. Con¬ 
duits for feeders and mains should be of sufficient size to permit the 
installation of feeders or mains of a carrying capacity of 150 per cent of 
the present connected load. 

365. In selecting a system for wiring for light one should be used 
whereby 115 volts or thereabouts can be impressed on the lamp terminals. 
Nominal 115-volt incandescent lamps, including those of voltages of 
from, say, 105 to 125 volts, are more efficient and cheaper and have longer 
lives than those for higher voltages. Lamps of nominal voltages of about 
32 volts are seldom used now and require excessive expenditures for 
copper conductors. The three-wire system is much more economical 
of copper than a two-wire system and therefore should be used for feeders 
and mains in installations of any consequence; then the two-wire system 
is used for branches. Three-phase systems can be used for lighting as 
elsewhere described (see Index) and can be used to advantage in industrial 
plants where the use of constant-speed motors makes the use of the 
three-phase system desirable. 
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866. Wiring methods to be used are determined by a consideration 
of national and local code requirements, reliability, appearance, and 
cost. In planning a wiring installation, Tables 23 and 24 should first 
be consulted to determine which methods of wiring are allowable for 
the particular occupancy and electric system being considered. Then the 
cost of the various allowable methods should be weighed against the 
appearance, the degree of protection afforded, reliability, and probable 
years of service which will be realized. Both the cost of material and 
cost of labor must be considered. 

a. For Residences. —Armored cable concealed in the partitions is the 
most practical, giving good reliability at moderate cost. Where a some¬ 
what cheaper installation is desired, the nonmetallic-sheathed cable may 
be used. Sometimes this is used for a few large-sized circuits such as 
to the electric range where the difference in cost is considerable, even if 
the rest of the wiring is armored cable. The expense of rigid conduit 
is usually not justified except in very large residences of the highest grade 
of construction. Where the highest degree of adequacy for convenience 
outlets is desired the multioutlet assemblies should be employed for this 
part of the wiring. 

b. In wiring buildings on farms, one must consider that the cash 
income of the average small farmer is so small that he cannot afford any 
but the cheapest wiring installation which will be safe and give reasonable 
length of service. For the house, nonmetallic-sheathed cable or armored 
cable would be employed. For the barns and other outbuildings, open 
wiring on insulators or nonmetallic-sheathed cable would be employed. 
The nonmetallic-sheathed cable will afford the neater appearance. 

c. For rewiring of old buildings of residential or commercial occu¬ 
pancy, surface metal raceways, armored cable, nonmetallic-sheathed 
cable, or electrical metallic tubing are the usual expedients. Surface 
metal raceways give the best appearance if the wiring must be exposed. 
Armored cable is the most practical for that part of the wiring which 
can be fished through the partitions. For areas which were not originally 
supplied with sufficient convenience outlets, nonmetallic surface exten¬ 
sions are often advantageous. Where relocation of lighting outlets is 
desired in a room of commercial occupancy, underplaster extensions or 
surface metal raceways are generally employed. 

d. For small commercial buildings and apartment buildings of frame, 
or brick and frame construction, armored cable concealed in the partitions 
is generally the most practical. 

e. For office and public buildings of fireproof steel, concrete, and 
terra-cotta construction, the cost of wiring is only a small percentage 
of the total cost of the building. In order to keep the offices rented to 
business firms, the electric system should provide the very best in appear¬ 
ance and adequacy of service. Therefore the wiring should be concealed, 
employing rigid metal conduit for ceiling lights and feeders and underfloor 
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raceways or cellular-metal-floor raceways for desk outlets for power and 
signaling circuits. 

f. For industrial buildings the rigid- or flexible-conduit system is 
generally used for branches, with open wiring, bus ways, or conduit for 
feeders. 

g. For large-sized main feeders the method of wiring should be 
considered very carefully because the high unit costs may make a con¬ 
siderable difference in the total cost of the installation. 

Very often, combinations of wiring methods are used in the same 
building, each method being used where its advantages make it desirable. 

367. In considering the type of insulation to use for interior wiring 
refer to Div. 2 for complete information on the various types of insulated 
wires and to Table 25 of this division for allowable applications. Rubber 
insulation is used for all general applications except for unusually hot 
locations, permanently dry locations, and for corrosive-vapor locations. 
Factors to be considered in selecting the type of insulation to employ 
are discussed in the following sections. 

368. Comparison of Types R, RP, and RH Rubber-insulated Wires.— 
The performance grade has a carrying capacity about 20 per cent more 
than the Code grade, and the heat-resisting grade about 43 per cent more 
than the Code grade. On the basis of carrying capacity alone for rela¬ 
tively short runs, where voltage drop is not a deciding factor, and for 
currents of 15 to 25 amp., Type R is considerably cheaper; for currents 
from 30 to 70 amp. any one of the types may be cheaper, depending on 
whether the load happens to coincide with the carrying capacity of the 
particular size of wire; above 75 amp., however, Type RH is the cheapest 
for all sizes. 

For the duration of the war on account of the need for conserving the 
supply of rubber the old table of higher carrying capacity for type R 
wire applies for any circuits which are not loaded to their full rating 
continuously. Since types RP and RH contain larger percentages of 
new rubber than type R, they will be practically unobtainable throughout 
this period. Therefore, type R wire will have to be used in the majority 
of cases. For grounded neutrals rubber-covered wire is prohibited 
entirely until after the war. Slow-burning weatherproof (type SBW) 
and weatherproof (type WP) are recommended for grounded neutrals, 
type WP being preferred on account of its low cost. 

As mentioned above, on the basis of cost and carrying capacity alone 
for 15- and 20-amp. branch circuits, Type R wire is the cheapest. In 
selecting rubber-covered wire, however, one should bear in mind that 
the Code-grade Type R is merely the poorest quality of rubber-covered 
wire which the National Electrical Code permits to be used. It is reason¬ 
able to expect that the performance and heat-resisting grades will provide 
a considerably longer life than the Code grade. Wherever first cost is not 
the prime consideration, Types RP and RH should be chosen to give a 
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quality installation with long life fpoe from trouble due to shorts and 
grounds. One should also remember that the manufacturing specifica¬ 
tions of the Board of Fire Underwriters permit of considerable variation 
in the quality of any particular grade of wire. Wire should not be bought 
on the basis of price alone, but the reliability of the manufacturer in 
maintaining a quality product should be taken into account. Only in 
this way can freedom from trouble be expected throughout the life of the 
installation. 

For 25-amp. branch circuits the fact that three No. 12 EH wires 
will go in J^-in. conduit, whereas three No. 10 R or RP wires require 
%-in. conduit, make the combined cost of wire and conduit slightly 
cheaper for Type RH. For feeders of 30 to 70 amp. the combined cost 
pf wire and conduit will usually be slightly in favor of Type RH wire over 
Type R wire, whenever the number and size of wires is such that conduit 
one size smaller may be used with Type RH wire. This is usually 
the case. In addition a vastly superior quality of installation is obtained. 

Above 75 amp., Type RH wire is 15 to 30 per cent cheaper than Type 
R, and the conduit required will be about 20 to 25 per cent cheaper. 

Example .—Suppose it is desired to carry a 250-amp. balanced load with a three-phase, 
four-wire circuit. Referring to Table 20 of Div, 10, 500,000-cir. mils, Type R or 250,000- 
cir. mils, Type RH wire can be used. Referring to Table 21 of Div. 10, four 500,000-cir, 
mils wires require a 3>2-in. conduit, whereas four 250,000-oir. milB wires require only a 
3-in. conduit. Referring to Sec. 76, a 3-in. conduit is about 25 per cent cheaper than » 
8>£-in. one. The wire itself will be about 25 per cent cheaper, and the labor of installing 
less, owing to the handling of smaller sizes of wire, conduit, and fittings. 

When the length of circuit is such that the size of wire is determined 
by voltage drop, Type R is the cheapest because no use can be made of 
the increased carrying capacity of the other grades. Also in this case the 
life of the Type R will probably be satisfactory since it is not being 
operated up to its maximum temperature limit. 

Summarizing the application of the three grades of rubber-covered 
wires, Type R should be used for 15- and 20-amp. branch circuits and 
for circuits where the size is determined by voltage drop, if cost is the 
prime consideration. Type RP should be used for the above cases where 
an addition of 50 per cent to the wire cost for Nos. 10, 12, or 14 wire or an 
addition of about 25 per cent to the wire cost for larger sizes can be 
allowed for the sake of having a better quality installation. Type RP 
may also be used in the range from 30 to 70 amp. in case it proves cheaper 
than the other grades. Type RH wire should be used for all other 
cases both on the basis of being cheapest and of being the best quality. 
These comparisons are on the basis of an ordinary room temperature of 
30°C. For any other temperature they will not hold. 

369. If different types of rubber-covered wires are used in the same 
building, care should be taken to keep them in separate conduits or race¬ 
ways, since the carrying capacity of the wires in the raceway must be 
limited to the carrying capacity of the lowest grade of wire insulation 
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in the raceway in order that none of the inhalation will be subjected to a 
temperature in excess of the value given in Sec. 25. 

370. In permanently dry locations, varnished-cambric Wire, which 
has a carrying capacity 50 per cent greater than Code-grade rubber but 
costs only about 20 per cent more, should be considered for feeders. In 
general for carrying capacities of 100 amp. and up, the cost for wire 
and conduit will be only about two-thirds as much with varnished cambric 
as it will be with Code-grade rubber. Also it will provide a superior 
installation as far as long life and freedom from trouble are concerned. 
The varnished-cambric wire will be about 15 per cent cheaper than 
Type RH wire. One should consider, however, that, owing to the 
relatively limited application, varnished-cambric wire is not usually 
kept in stock by dealers or even in district warehouses, and delivery 
from the factory may take 3 or 4 weeks. Also, as a direct result of this 
special-order situation, the price of varnished-cambric wire varies con¬ 
siderably with the length ordered. The price comparisons made in this 
section are on the basis of lengths of 1,000 to 5,000 ft. For lengths 
between 500 and 1,000 ft. the price is about 8 per cent greater, and for 
lengths between 300 and 500 ft. the price is about 40 per cent more. It 
would not pay at all to purchase less than 300 ft. Finally, the making 
and taping of splices is not quite so easy with varnished cambric as with 
rubber. For locations where these disadvantages are not a factor, such 
as a building which has three or four four-wire, equal-sized feeders about 
100 ft. long, with no splicing required, and where the order for wire can 
be placed 4 weeks or so before the job is to start, varnished cambric is a 
quality selection. Since Varnished cambric cannot be used in sizes 
smaller than No. 6 except by special permission, it is generally not used 
for branch circuits. 

371. The National Electrical Code allows the use of small-diameter 
wire Type RHT (Div. 2) in new installations provided the same-sized 
conduit is used as required for the regular Types R, RP, and RH. In 
raceways where the number of wires is based on percentage of area taken 
up by the wires, there may be some locations where more RHT wires 
than Types R, RP, or RH could be used. The use of RHT wire for new 
installations is not recommended, however, either for conduit or raceways. 
With conduit, Type RH costs only about 17 per cent more than Type 
RHT, and since it has a thicker insulation it is certain to have a longer 
life than the RHT. With raceways the use of smaller sized raceways 
than would be required for Type RH means that in the future, if electrical 
loads continue to increase as they have in the past, there will be less room 
for rewiring. Accordingly Type RHT wire should be reserved for its 
proper field: rewiring of existing conduits, as explained in Sec. 374. 

372. In hot locations the maximum room temperature will generally 
be the determining factor in selecting the type of wire insulation to 
employ. Refer to Sec. 25 for allowable temperatures of insulation. 
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Where there is a choice between types of conductors the size of each 
should be determined and the most economical one selected. In using 
Tables 19 and 20 of Div. 10, divide the current desired to be carried in 
the wire by the correction factor at the bottom of the table corresponding 
to the maximum room temperature. Select from the table the size of 
wire which will carry that resultant current. 

Example .—A feeder carrying 350 amp. is to be run with open wires on the upper wait 
of a room containing an electric furnace. Determine the maximum operating temper¬ 
ature and the type of wiring to use. A thermometer placed on the upper wall reads 
130°F. on a day when the outside temperature is 75°F. 

Solution .—On a hot summer day the outside temperature may reach 95°F., a 20° 
increase, which will raise the temperature in the furnace room to 130° -f- 20° = 150°F. 
Referring to Table 16 in Div. 1, this corresponds to about 65°C. If the correction fac¬ 
tors corresponding to 70°C. are used, the actual maximum operating temperature will be 
5°C. less than that allowable for the type of insulation selected, and some margin of 
safety will be allowed. Referring to Sec. 25 and Table 19 of Div. 10, the choice is 
between asbestos-varnished-cambric, Type AVA with a 0.71 correction factor and 
varnished cambric with 0.52 collection factor. The resultant current for the AVA = 
350/0.71 = 493 amp.; for the varnished cambric *= 350/0.52 = 673 amp. Referring 
to Table 19 of Div. 10, 493 amp. requires a 250,000-eir. mils AVA wire, and 673 amp. 
requires a 600,000-eir. mils, varnished-cambric wire. Since the asbestos-varnished- 
camhric wire would be less than half the size of the varnished-cambric one, the asbestos- 
varnished-cambric wire should be selected. 

378. For corrosive-vapor locations the authority enforcing the National 
Electrical Code must be consulted to determine whether it will allow 
rubber-covered, varnished cambric; one of the asbestos-varnished- 
cambric types, weatherproof; or some other type of insulation. In 
general the rubber-covered type is allowed for very mildly corrosive 
vapors but not for acid fumes, and weatherproof, slow-burning, or asbestos 
open wiring is allowed for the more severely corrosive vapors. 

374. For rewiring of buildings using existing conduits or raceways 
which are concealed and which it would be impracticable to replace with 
larger sizes owing to structural considerations, the National Electrical 
Code allows the use of conductors with a thinner wall of insulation than 
standard conductors (called small-diameter wires). Conduits may also 
be filled to a greater percentage of their area than they may for new work 
(see Tables 24, 28 and 29 of Div. 10). 


Allowable Small-diameter Wires (Thin-wall Insulation) 


Type 

Type 

letters 

Sizes 

permitted 

1. Performance thin-wall rubber. 

RPT 

RHT 

RU 

SN 

14, 12, 10 

14, 12, 10, 8 
14, 12, 10 

14 to 4/0 

2. Heat-resistant, thin-wall rubber. 

3. Latex. 

4. Synthetic. 
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In selecting the type of conductor to use in rewiring of existing conduits, 
Type RPT should normally be used for branch circuits and Type SN 
for feeders. Type RPT is the least expensive and will be satisfactory in 
the majority of cases for lighting branch circuits. In cases where some¬ 
what greater carrying capacity is needed or if No. 8 wire is required, Type 
RHT can be used. Be sure to investigate voltage drop, as explained in 
Div. 3, because if the circuits are more than 25 or 30 ft. long, the allowable 
2 per cent for lighting branch circuits may be reached before the current- 
carrying capacity can be utilized. The use of latex wire (Type RU) 
should be limited to those locations, principally with J^-in. conduit, 
where it is impossible to get a sufficient number of RPT or RHT wires 
in the conduit. The RU wire has the same carrying capacity as the RPT 
but costs two and one-half times as much. The RU wire has about 15 
per cent less carrying capacity than the RHT and costs twice as much. 
The possibility of using three-phase, four-wire circuits should be investi¬ 
gated, because a greater load may be carried with this system with a 
less expensive type of wire. 

Example 1 . —Choosing the type and size of wire for rewiring. A building has the 
lighting branch circuits in > 2 -in. conduit. The layout for rewiring with indirect lighting 
units requires six wires (two three-wire circuits) for the home runs to the panel board. 
Theie are four 500-watt, 120-volt lamps on each leg of the three-wire circuit. What 
type wire should be used? 

Solution. —The current in each line wire » (4 )( 500)/120 => 16.7 amp. The choice 
is between a No. 14 RHT and a No. 12 RU wire. Type RPT cannot be used because 
six No. 12 RPT wires will not fit in a H-in. conduit. The No. 14 RHT wire is good for 
22 X 0.8 = 17.6 amp. (Table 20 of Div. 10, taking into account Note 3.) The No. 12 
RU wire is good for 23 X 0.8 « 18.4 amp. The 0.8 gives the reduction in carrying 
capacity when there are between four and six wires in a conduit. The No. 14 RHT wire 
costs about 0.9 cts. per ft. The No. 12 RU wire costs about 2.5 cts. per ft. The No. 14 
RHT wire fused for 20 amp. should be selected on the basis of carrying capacity, because 
it will cost less than half as much as the No. 12 RU. If, however, the voltage drop with 
the No. 14 wire should exceed the 2.4 volts allowable, the No. 12 RU should be selected, 
as it is impossible to put six No. 12 RHT wires in the %-in. conduit. 

For the rewiring of feeders, No. 8, Type RHT, may be used, provided 
the load does not exceed the 49 amp. allowable for this size of wire. In 
most cases, however, Type SN is the only type available unless the con¬ 
duits were larger than required for the original conductors. The follow¬ 
ing example is given to show the increased carrying capacity possible with 
Type SN wire. 

Example .—A building was wired with feeders of three No. 2/0 Type R wires in 2-in. 
conduit. How much may the carrying capacity of the feeder be increased by changing 
to Type SN wire with a 120/208 volt, three-phase, four-wire system? 

Solution .—The existing feeder was good for 2EI/l,0Q0 — (2 X 120 X 150)/1,000 -» 
36 kw. of balanced lighting load. The 150 amp. was the carrying capacity of No. 2/0 
Type R wire prior to 1940. 

Referring to Table 29 of Div. 10, a 2-in. conduit will take four No. 4/0, Type SN wires. 
According to Table 20 of Div. 10, the current-carrying capacity of No. 4/0, Type SN 
wire is 193 amp. Note that the three-conductor table is used without the multiplier of 
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0.8, because the neutral conductor does not carry any current at the time of balanced 
load in the line wires. 

The new feeder is good for 3EI/ 1,000 - (3 X 120 X 193)/1,000 « 69.5 kw. The 
voltage drop *»■ kLI/A — (11 X 100 X 193)/211,600 = 1 volt for a 100-ft. run, which 
Is Within the 1 per cent allowable for lighting feeders (see Div. 3). 

Therefore, the carrying capacity may be practically doubled, from 36 to 69.5 kw., 
assuming that the feeder supplies three-phase panel boards or three two-wire or three- 
wire panel boards. With any other arrangement of panel boards, the carrying capaoity 
will be limited to the load on the heaviest loaded phase, and the full capacity may not be 
realized. 

375. The National Electrical Code classifies lighting and appliance 
branch circuits according to the rating of the fuse or circuit breaker which 
protects the circuit, and the Code provides certain restrictions on the 
rating of outlets and equipment to be supplied, as given in Table 376. 

376. Lighting and Appliance Branch Circuits 

Rating of branch cir¬ 
cuit, amp. 


Type of lamp holders 
allowed 


Rating of reoeptacles, 
amp. 

Maximum rating of in¬ 
dividual portable ap¬ 
pliances 

Total rating of fixed 
appliances, amp.: 

a. If receptacles are 

also Supplied 

b. If motor-operated 

appliances are 
also supplied 

c. If that is the only 

load supplied 

° Portable appliances rated at more than 20 amp. must be supplied by an individual 
branch circuit, which supplies only the one appliance and is rated in accordance with the 
appliance. 

377. In planning the wiring for a residence secure the floor plans of the 
building and locate the outlets and switch circuits as shown in Fig. 247. 
Consult with the local public-utility company concerning their service- 
equipment requirements with respect to type and sequence of equipment, 
location 6f meter, etc. Decide Whether fuses or circuit breakers should be 


15 20 25 35 50 


Any Heavy Heavy Heavy Heavy 

duty, or duty duty in duty m 

keylpRs other than other than 

medium dwellings dwellings 

base if 
perma¬ 
nently 
wired 

Not over Not less Not less Not less Not less 

15 than 15 than 20 than 30 than 50 

12 15 20 Not Not 

allowed* allowed* 


6 15 20 25 

12 15 20 25 


15 20 25 35 50 
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used for circuit protection. 
If the power company 
uses an outdoor meter 
located outside the 
kitchen or back hall, 
circuit breakers located in 
the inside wall at that 
point will probably be the 
best. If an indoor meter 
is specified, consideration 
should be given to run¬ 
ning two or three No. 
8-wire circuits to distribu¬ 
tion centers on the first 
and second floors, at 
which points circuit 
breakers will control the 
branch circuits. Branch 
fuses located at the 
service switch should 
only be used where the 
circuit-breaker system 
does not seem well 
adapted or where the 
lowest cost system is 
indicated. 

378. The number and 
location of switch, lamp, 
convenience-outlet, and 
special-purpose outlets 
should next be decided 
on. Refer to Table 380 
for general guidance, 
although personal taste 
and requirements should 
have considerable weight. 
Some persons prefer 
ceiling outlets, others wall 
outlets. The installation 
of a central ceiling outlet 
in all rooms should be 
encouraged even though 
sufficient wall and con¬ 
venience outlets for por¬ 
table lamps are installed. 



I-BASEMENT FLOOR PLAN 

Fig. 247.—Layout of outlets for a residence* 
(,Handbook of Interior Wiring Design.) 
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In wiring a residence, ample provision should be made for portable 
lamps and appliances by installing a liberal number of plug outlets, or 
convenience outlets, as they are called. In Sec. 380 the minimum num¬ 
ber of convenience outlets that should be considered is indicated. These 
are the minimum specifications as recommended by the “Handbook of 
Interior Wiring Design. ,, In order to secure maximum convenience in 
the home a more liberal allowance of convenience outlets is desirable. 
Fewer convenience outlets than those specified should not be considered. 

Rooms with a single door should have the ceiling outlet controlled by a 
switch near the door; rooms with two doors more than 10 ft. apart should 
have a three-way switch at each door. Generally speaking the switches 
should be in the same room as the lights they control, with the exception 
of those places where it is more convenient to control them from the other 
side of the wall, such as closets, front hall, porch, and cellar. They 
should be located on the wall, 4 ft. from the floor at the point where the 
door opens. A door switch can be inserted in the jamb of a closet door 
whereby a lamp in the closet will be automatically lighted when the door 
is opened. This should not be used in many closets, however, as it is an 
expensive item and has the disadvantage that if it is desired to leave the 
door open in the daytime the light continues to burn. Hall outlets should 
be controlled by three-way switches near the front door and on the second 
floor. 

The cellar light should be controlled by a switch and red pilot lamp, 
located on the first floor near the cellar stairs, so that it may be turned on 
when starting down the stairs. The pilot lamp serves as a warning in 
case the light is not turned off after the person returns from the cellar. 
Bathroom lamp outlets should be arranged so that shadows will not be 
cast against windows. A master switch can be located in the owner’s 
bedroom and wired to turn on certain lights all over the house in case 
of emergency, independently of the regular switches. Where possible, 
convenience outlets should be located back to back on the walls so as to 
minimize the wiring. Also, if second-floor outlets are located directly 
above first-floor outlets, the wiring is facilitated, as it is easier to make 
vertical runs of wiring than to cut through studs for horizontal runs. 

379. The size of service conductors is required by the National Elec¬ 
trical Code to be not less than the carrying capacity for the load computed 
in accordance with the instructions of Div. 3. Regardless of the load, 
the service conductor must not be smaller than No. 8 wire, except for 
installations consisting of a single branch circuit. In that case No. 10 
or 12 may be used, provided that it is not smaller than the wires of the 
branch circuit. The Industry Committee on Interior Wiring Design 
recommends that, considering the growing tendency to use larger wattage 
appliances, such as electric range, water heater, automatic fuel burners, 
air-conditioning equipment, ironers, and bathroom heaters, the size 
of the service conductors should be not less than given in Table 382. 
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880. Minimum Residential Outlet Requirements 

(“ Handbook of Interior Wiring Design,” prepared by the Industry 
Committee on Interior Wiring Design) 



Light- 

Light- 

Con- 



Location 

ing 

ceiling 

ing 

wall 

veni- 

ence 

Switch 

outlets 

Remarks 


outlets 

outlets 

outlets 




f 1 or 5 

l or 1 


1 

Use either ceiling or wall outlets, rarely 
both. Choice depends on entranoe archi- 

Front entrance. 

i 

1 

1 

.. i 

tecture 

Weatherproof 

For illuminated house number; may be 
combined with lighting outlet 

Other entrances. 

1 or 1 


i 

Use either a ceiling or wall outlet, usually 


' 




not both 

Covered porches. 

1 



i 

One lighting outlet for each 100 sq. ft. or 
major fraction but at least one 

Terraces, patios, covered 



1 


One convenience outlet along each 15 ft. of 

porches, etc. 





wall but at least one 

Stairways. 

2 or 2 


2 

One lighting outlet at head and one at foot 






of each stairway, with three-way control 
for each at head and foot 


/ 1 or 1 


1 

Required if halls are not illuminated by 






stairway light. One lighting outlet for 

Halls. 

| 

' 


1 

1 

each 15 ft. of hallway. There must be at 
least one outlet 

One convenience outlet for each 20 ft. of 
hallway but at least one 

Additional control (three-way, etc.) if 
other important entrances are more than 
10 ft. from main entrance 


\ ° 




a. May be omitted in living room, pro¬ 

Living room, library, den. 
reception halls, bed¬ 
rooms, sun room, recre¬ 
ation room, etc. 

) 


b* 


vided equivalent switching is pro¬ 
vided for two or more convenience 
outlets or wall-bracket outlets 
b. At least one convenience outlet tor each 
12 ft. of wall unbroken by doorway. 


/ 




and at least one in each wall space 
3 ft. or more in length at floor line 


\ 

c 

1 


c. Outlets for wall brackets as desired 
Flush in mantel shelf if construction permits 


r 



1 

Multiple control for important entrances 
more than 10 ft. apart, plus additional 

Dining room. 

/ 




convenience outlets to provide one in 
every wall space suitable for buffet, etc., 


I- 


2* 


but not less than two in any case 

Breakfast room, dinette, 




1 


etc. 

1 .. 


1* 




* The National Electrical Code requires at least one outlet for every 20 ft. of the totat distance around 
the room measured at the floor line for these rooms. 
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Minimum Residential Outlet Requirements ( Continued ) 


Location 


Kitchen.. 

Pantry... 

Bathroom. 

Lavatory. 
Closets... 

Laundry.. 

Baser 

Attic.. 

Oarage 


Light¬ 

ing 

ceiling 

outlets 


Light¬ 

ing 

wall 

outlets 


d or d 


1 or 1 

1 I 2 


1 or 2 
1 or 1 


/or/ 


! : 


Con¬ 

veni¬ 

ence 

outlets 


Switch 

outlets 


Remarks 


Multiple control for important entrances 
more than 10 ft. apart 

d. Lighting outlets for each important 

work area 

Sufficient convenience outlets to serve all 
fixed appliances (refrigerator, clock, etc.) 
plus each work area but not less than 
three in any case 

Ceiling outlet may be omitted in small 
bathrooms 

Located away from bathtub 

For closets over 10 sq. ft. in area 

e. Lighting outlets for each important work 

area 

Sufficient convenience outlets to serve each 
work area but not less than two in any 
case 

With pilot light on switch plate on floor 
above 

/. Lighting outlets for furnace, workbench, 
and each separate enclosed space 

With pilot light on switch plate on floor 
below 

g. One lighting outlet for each enclosed 
space 

Additional requirements when more than 
one-car capacity. 

Exterior light—controlled by three-way 
switch from house and garage 


* The National Eleotrical Code requires at least one outlet for every 20 ft. of the total distance around 
the room measured at the floor line for these rooms. 


881. For dwelling occupancies the National Electrical Code requires 
that a sufficient number of 15-amp. branch circuits be installed to carry a 
load of 2 watts per square foot of floor area, not counting open porches, 
unfinished spaces in basements or attics, or garages. , The Code recom¬ 
mends, however, that a branch circuit be installed for every 500 sq. ft. of 
floor area. The receptacle outlets in the kitchen, pantry, laundry, dining 
room, and breakfast room must be supplied by one or more 20-amp. 
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branch circuits which do not supply any other outlets. The “Handbook 
of Interior Wiring Design” recommends that a minimum of six 15-amp. 
and two 20-amp. branch circuits be installed, and the respective outlets 
be evenly divided between the respective circuits. 

A 35- or 50-amp., three-wire branch circuit should be installed for an 
electric range. It should terminate in a three-pole, 50-amp. receptacle. 
If an electric water heater is contemplated, a 25-amp. branch circuit 
should be run from it directly to the service entrance, as many power 
companies provide a lower rate through a separate meter for power for 
water heating during the night and at other times when the load on the 
system is off considerably from the peak. 

382. Service-entrance standards for dwellings as recommended by the 
Industry Committee on Interior Wiring Design. 


Floor area of 
dwelling, sq. ft. 

Number of 

rooms 

Size of service 
conductors, 
gage No. 

Rating of service equipment, 
amp. 

Switch 

Circuit breaker 

Up to 1,000 

4 

G 

60 

50 

1,000-1,500 

5 

1 4 

60 

70 

1,500-3,000 

6-9 

4 

100 

70 

3,000-4,000 

10-13 

2 

i 

100 

90 


383. Multiple-family Buildings or Apartments.—The recommendations 
for residences may be applied to individual apartments for lighting, con¬ 
venience, and switch outlets. Where central heating is supplied, it is 
unlikely that an electric heater will be used in the bathroom or that many 
heavy-duty appliances will be used at one time. Therefore a single 
20-amp. branch circuit supplying convenience outlets in dining room and 
kitchen generally will be sufficient in addition to a 15-amp. branch circuit 
for every 500 sq. ft. of floor area. It is recommended that a range circuit 
be installed for each apartment. This circuit should consist of three wires 
not smaller than No. 6 terminated in a three-pole, 50-amp. receptacle. 

For nonrentable areas under the control of the building management 
the following rules from the “Handbook of Interior Wiring Design,” pre¬ 
pared by the Industry Committee on Interior Wiring Design, represent 
good practice: 

1. Entrances .—a. Sufficient outlets shall be installed to provide electri¬ 
cal service consistent with the general architectural treatment, but in no 
case shall there be less than one outlet for an outside lantern, or two for 
outside wall brackets. 

b. At least one ceiling outlet shall be installed for each 150 sq. ft. of 
vestibule space. 
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C. At least one wall outlet shall be installed over each group of letter 
boxes covering a lineal distance of 8 ft. or less. 

2. Lobby or Main Hallway. — a. At least one ceiling outlet per 125 sq. ft. 
of floor area shall be installed provided that: 

(1) No area has outlets spaced more than 15 ft. apart. 

(2) No elevator door or stair well is more than 6 ft. from the nearest 
ceiling outlet. 

b . At least one convenience outlet shall be installed for every 12 ft. of 
wall space for portable lamps and general utility purposes (vacuum 
cleaners, floor polishers, etc.). 

c. Provision shall be made for additional outlets to furnish such illumi¬ 
nation as is demanded by the architectural treatment. This may be in 
the form of decorative wall brackets, urns, pedestals, built-in units, etc. 

3. Upper Hallways. — a. At least one ceiling outlet shall be installed per 
150 sq. ft. of floor area, provided that: 

(1) No area has ceiling outlets spaced more than 15 ft. apart if arranged 
on alternate circuits; or 30 ft. if adjacent outlets are on the same circuit. 

(2) No elevator door or staircase is more than 6 ft. from the nearest 
ceiling outlet. 

(3) No section of a hallway not in a straight line from another shall be 
without at least one ceiling outlet. 

6. At least one convenience outlet shall be installed per floor, with 
additional outlets spaced so that no point in a hallway is more than 25 ft. 
from a convenience outlet. 

4. Hall Svntches. — a. All ceiling outlets plus the outlets for entrance 
lighting shall be controlled by switches. 

b. Where all ceiling outlets on any one floor are controlled by a single 
switch, this switch shall be of a type or shall be located so as to be inac¬ 
cessible to the general public. 

c. Where more than one switch controls the ceiling outlets on a par¬ 
ticular floor, at least one switch shall be inaccessible to the general public. 
This switch shall control outlets installed under the following provisions: 

(1) It must control the outlet nearest the stair well or the elevator door. 

(2) It must control outlets so that the spacing between any two is not 
greater than 30 ft. 

(3) It must control an outlet in every space not in direct line from the 
outlet near the stair well or the elevator door. 

5. Stair Welts.' — a. Where enclosed stair wells are installed (such as in 
fireproof construction) there shall be an outlet for lighting on each landing. 

b . Where exit lights are required, they shall be installed in accordance 
with all rules and regulations covering their use. 

6. Basement Areas .—Lighting outlets shall be provided in basement 
areas on the basis of at least one ceiling outlet per 200 sq. ft., plus addi¬ 
tional outlets and necessary switch control if such basement areas are 
available to tenants for laundry, storage, or other purposes. 
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7. Oil Burners , Stokers , Air-conditioning Equipment , efc.—Circuits 
shall be individually provided for each such piece of equipment in accord¬ 
ance with the size and rating of each motor or heater. 

8. Elevators .—Power and light feeders for elevator service shall be of 
the size required by the elevator manufacturer. 

384. The arrangement of the service and feeders will depend on the 
system of metering employed. Where each apartment is to be metered 
and billed for all its power, a meter service switch and meter should be 
provided for each apartment and one or two for the building manage¬ 
ment. These should be located in rows along the walls in the basement. 
Kach apartment must be on an individual feeder from the meter service 
switch. The load on the feeder should be computed in accordance with 
the instructions given in Div. 3. If an electric range is not supplied by the 
feeder, a two-wire feeder is usually sufficient. Where the feeders can be 
grouped and the building is supplied by a three-phase, four-wire, a-c 
supply, three apartments can be supplied from a single neutral. If an 
electric range is supplied, a three-wire feeder should be used for each 
range. When the power company will bill the building management on 
a lower rate for power than they do for lighting, two meters with separate 
circuits for each should be provided. Where there are more than six 
meter service switches, the service must be brought in through a single 
fused service switch, the size to be determined in accordance with the 
instructions of Div. 3. Where the power is to be billed to the building 
management and included in the rent, the circuit is brought in through a 
single fused service switch as before. 

Circuits for either one or two meters, depending on whether the power 
company bills the power on a separate rate from the lighting, should be 
provided. A distribution center with a safety-enclosed fused knife 
switch or circuit breaker for each feeder should be installed. The feeders 
can then supply distribution panel boards in the halls on each floor, or one 
feeder can be installed for each three apartments. The latter plan is 
preferred, as it facilitates a change to the other metering system in case 
a different policy should prove advisable in the future. Frequently a 
combination of these two systems is employed in which the management 
is billed for and provides certain definite services, such as the electric 
range, refrigerator, or air-conditioning equipment, the probable cost of 
which is relatively easy to determine and much cheaper when paid for on 
a wholesale rate taking advantage of the low demand factor which applies 
to a large number of customers. Then the customer has a separate 
service through his individual meter for lighting and small appliances. 
The method of wiring is with armored cable or nonmetallic-sheathed 
cable for small buildings of frame construction. Conduit wiring is usually 
employed for the larger buildings of fireproof construction. 

885. With any of the above plans each apartment should have its own 
distribution panel board containing fuses or circuit breakers for the branch 
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circuits. Fuse panels are cheaper, but circuit breakers will reduce labor 
in calls for service due to short circuits in portable cords and appliances. 
In either case the panel board should be located high up on the wall of the 
kitchen or hall so as to be relatively free from tampering. 

886. Adequate Wiring for Lighting and Convenience Outlets in Com¬ 
mercial and Public Structures. —It is very important in designing the 
interior wiring for a building to make adequate provisions not only for the 
present demands but also for the probable future demands. The levels 
of illumination demanded by industry and commerce are being constantly 
increased. In order that a building may keep pace with this advance¬ 
ment without an excessive expense in the reconstruction of its wiring, it is 
necessary that the wiring be more than adequate to provide merely for the 
present needs. Double carrying capacity can be provided in the original 
wiring installation for less than 25 per cent additional cost. In order to 
provide a guide for adequate wiring, the following recommendations from 
the “Handbook of Interior Wiring Design” are given: 

1. Outlet Location—Commercial and Public Occupancies. A. Ceiling 
Outlets for General Illumination. —Whenever possible, ceiling out¬ 
lets should be uniformly spaced and located so that the spacing will be 
approximately the same in both directions. In offices and schoolrooms, 
the spacing between adjacent outlets shall not exceed the distance from 
floor to ceiling. In other interiors, the space may be extended to 1 H 
times the ceiling height. The space between an outlet and a wall should 
not exceed one-half of the average distance between outlets. In halls 
and corridors, spacing should not exceed 20 ft. 

In locating outlets on any floor plan, building construction features 
should be considered, especially ceiling beams. These are not always 
shown on the floor plans, yet they may seriously affect a lighting layout. 
This is particularly true for indirect lighting. 

B. Stores—Convenience Outlets. —There shall be installed at least 
one convenience outlet for each 400 sq. ft. of floor area or major part 
thereof, these outlets to be uniformly distributed over the entire area. 
Preference shall be given to the placing of these outlets in supporting 
columns and side walls, but no part of the floor area shall be more than 
15 ft. from an outlet. 

C. Stores—Outlets for Window Illumination. —Provision for 
show window illumination shall be made by (1) a junction box on wall 
or column at suitable height above transom bar or possible false ceiling to 
which all circuits of show window reflectors or spotlights can be con¬ 
nected or (2) individual outlets spaced as recommended below. 

For medium screw lamp holders, outlets for show-window reflectors 
should be located 12 to 18 in. apart. For mogul screw lamp holders, 
outlets for show-window reflectors should be located 15 to 24 in. apart. 
Whenever more than one circuit per window is necessary, adjacent out¬ 
lets should be on different circuits. 
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For spot of floodlights, at least two outlets per window Shall be sym¬ 
metrically placed, with an additional outlet for every 8 ft. (of major 
fraction) in excess of 16 ft. 

D. Stores—Convenience Outlets ts Show Windows* —In or near 
the floor of each window, there shall be installed at least one convenience 
outlet for each 50 sq. ft. of platform or floor area used for window display, 
but in no case shall there be less than two convenience outlets per window. 

E. Stores—Outlets for Case Lighting. —Outlets shall be provided 
in the floor or wall for termination of the circuits for show-case and wall- 
case lighting. Such outlets shall be suitably located for connection to the 
lighting equipment and shall be governed by the standard loads as listed 
in Sec. 201, Div. 9 (Show Cases, Wall Cases). 

F. Offices and Schools, Convenience Outlets. —In each separate 
office room with 400 sq. ft. or less of floor area, there shall be installed 
at least one convenience outlet for each 20 lin. ft. of wail space. In each 
separate office with more than 400 sq. ft. of floor area, there shall be in¬ 
stalled at least fouf convenience outlets for the first 400 sq. ft. of floor 
area and at least two outlets for each additional 400 sq. ft. or major frac-» 
tion thereof. Outlets should be placed at suitable locations to serve all 
parts of the office space. Certain offices, as, for example, professional and 
display offices, require many more outlets than are specified above, and 
the wiring needs must be individually studied where such probable occu¬ 
pancy is known. 

For typical schoolrooms at least one convenience outlet shall be placed 
along the front wall and at least one along the rear wall. 

G. Offices and Stores—Fans. —Unless made unnecessary by provi¬ 
sion for complete air-conditioning, outlets for fans shall be installed on the 
basis of at least two for each 400 sq. ft. or major portion thereof. Such 
outlets shall be placed approximately 7 ft. above the floor and shall be of a 
type from which the fan may be mechanically suspended. 

H. Stores — Signs. —Where no other equivalent provision is made for 
sign lighting, a rigid metal conduit or electrical metallic tubing, not smaller 
than 1 in., shall be run to the front face of the building for each intended 
or probable individual store occupancy. Such raceway shall terminate 
outside the building at a point suitable for connection to the sign and shall 
terminate inside the building at a cabinet. Feeder capacity to this 
cabinet and service capacity shall be based upon a sign load of not less 
than 50 watts per lineal foot of store frontage, only the frontage on the 
principal street being considered if the store faces more than one Street. 
Space provision shall be allowed for the oonhection and placement of a 
time switch to the sign circuit. 

2. Branch Circuits .*—The minimum number of branch circuits shall be 
based on the present Connected load as follows: 

•These Standards are based upon ld-amp. protection of branch circuits. If local 
regulations limit the load Oh bfaftdh Circuits to less than these requirements, the wattage 
and area limits herein specified must be proportionately reduced. 
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a. For two-wire, 15-amp. circuits, the load per circuit shall not exceed 
1,000 watts. 

b. For multiwire, 15-amp. circuits, the load shall not exceed 1,000 watts 
between each outside wire and the neutral. 

c. For circuits designed for heavy-duty lamp holders, the load per 
circuit shall not exceed 1,500 watts for No. 10 wire, 2,500 watts for No. 8, 
and 3,000 watts for No. 6. 

The following considerations of wire size and circuit runs shall apply: 

d. No wire smaller than No. 12 shall be used for any circuit. 

e. Where the run from a panel board to the first outlet of a lighting 
branch circuit exceeds 50 ft., the size of wire used shall be at least one size 
larger than that determined by any of the above considerations. The 
calculated size may be used between outlets. 

/. Where the run from a panel board to the first outlet of a convenience- 
outlet circuit exceeds 100 ft., No. 10 wire or larger shall be used for such 
run. 

g. No runs longer than 100 ft. between panel board and the first outlet 
of a lighting branch circuit shall be made, unless the intended load is so 
small that the voltage drop can be restricted to 2 per cent between panel 
board and any outlet on that circuit. To avoid this condition, panel 
boards should be relocated, or additional panel boards installed. 

The following considerations in regard to combinations of outlets shall 
apply: 

h. No convenience outlet shall be supplied by the same branch circuit 
that supplies ceiling or show-window lighting outlets. 

i. Outlets for show-window spotlights shall be on separate circuits from 
general show-window outlets. 

j. The number of convenience outlets included on one circuit shall be 
based on the listing in the following table. 


3. Outlets per Circuit: 

Location Max. 

Barber sliopw, beauty parlors, etc. 2 

Medical, dental, ami similar offices. 2 

Store show windows (for spotlights). 3 

Store show windows (at floor). 6 

Display areas in retail stores. 6 

School classrooms. 0 

Manufacturing spaces. 6 

Office spaces. 8 

Storage spaces. 10 


4. Circuit Control .—Suitable provision shall be made for the control 
of all circuits except those supplying convenience outlets only, and control 
of the latter circuits is recommended. Circuits may be controlled indi¬ 
vidually, in groups, or by a combination of both methods. 

In a retail store, individual control at the panel boards by means of 
circuit switches or circuit breakers is usually preferable. In most other 
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occupancies, control should be provided by means of local switches or 
circuit breakers. Frequently it is necessary to provide two or more 
switches for the local control of outlets supplied by a single branch circuit. 

Provision shall be made for control of all circuits supplying a single 
sign by means of an external manually operable switch or circuit breaker, 
and in each case a suitable time switch shall also be provided to effect the 
same control. 

In a retail store, each circuit supplying outlets in one or more show 
windows shall be individually controlled, and provision shall be made for 
the installation of a time switch for group control of all such circuits. 

Group control of circuits for general illumination or for special decora¬ 
tive effects, by means of remote-control switches, is desirable in certain 
large spaces such as large reading rooms, museums, art galleries, and 
ballrooms. 

5. Panel Boards .—On each panel board one spare circuit shall be pro¬ 
vided for each five circuits utilized in the initial installation. Where 
flush-type cabinets are used, provision shall be made for bringing a 
corresponding number of circuit conductors to the ceiling of the story 
served, or to the ceiling of the story immediately below, or to both points. 
Such provision may consist of circuit conductors or empty raceways 
terminating in boxes suitably located for future extensions. 

Provision shall be made for control of show-window lighting by such 
grouping of circuits to a panel board as to enable a time switch to be 
suitably installed. 

6. Feeders. A. Carrying Capacity. —The carrying capacity of each 
feeder or subfeeder shall be based on the number of separate circuits which 
it supplies, computed as follows: 

(1) Overhead Lighting Circuits. —Assumed as having 1,000 watts 
per circuit for each 15-amp. circuit. 

(2) Convenience-outlet Circuits. —Assumed load of 1,000 watts 
per circuit. 

(3) Spare Panel-board Circuits. —Assumed load of 500 watts. 

(4) Nonitemized and Heavy-duty Additional Circuits. —Specific 
load for which designed. 

To the total of these four, such demand factors as permitted by the 
National Electrical Code should be applied. (Refer to Div. 3 for addi¬ 
tional information.) 

B . Provision for Future. —In all determinations of feeder size, con¬ 
sideration should be given to increasing the capacity of the initial system 
by 50 per cent to provide for future growth at a minimum of unwarranted 
expense. In cases where an ultimate feeder size does not exceed No. 4 
wire, the excess capacity should be installed immediately. In other 
cases, one of the following methods should be made a part of the original 
layout. 
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(1) The installation of oversize raceways, so that the conductors 
installed may be withdrawn at any time and replaced by conductors of 
suitable larger size. 

(2) The installation or arrangement of the installed equipment so that 
additional feeders can be installed later at a minimum of expense to 
furnish the ultimate capacity. 

(3) The installation of feeders of excess size. 

C. Voltage Drop. —Feeders and subfeeders shall be of such size that 
the total voltage drop from any panel board to the point where connection 
is made to the lines of the utility supplying service shall not exceed 1 per 
cent (see Div. 3 for method of calculation). To compute such drop, the 
ultimate demand as calculated above shall be used wherever the wire size 
based on such demand is installed immediately. Where provision for the 
future is made in some other way (oversize raceways, etc.) the voltage 
drop shall be computed on the basis of the carrying capacity of the wire 
used. 

7. Feeder Distribution Center .—A feeder distribution center in the form 
of a panel board, switchboard, or group of enclosed switches or circuit 
breakers shall be provided for the control and protection of each feeder. 

Except where oversize feeders are provided in the original installation 
as recommended in the preceding section, provision shall be made at the 
feeder distribution center for the connection and suitable protection of 
feeders of increased size or of supplemental feeders. This may be accom¬ 
plished by providing additional protective devices as part of the original 
installation, or by so designing the original equipment that space, bus 
capacity, and facilities for making connections will be available. 


8. Service-entrance Adequacy Standards: 


Initial load, 
amp. 

Service 
switch, amp. 

Conductor 
size, gage 
No. or cir. 
mils 

Initial load, 
amp. 

Service 
Bwitch, amp. 

Conductor 
size, gage 
No. or cir. 
mils 

1- 23 

60 

8 

118-133 

200 

4/0 

24- 33 

60 

6 

134-150 

400 

4/0 

34- 47 

100 

4 




48- 00 

100 

2 

151-167 

400 

250,000 

61- 67 

100 

1 

168-183 

400 

300,000 




184-200 

400 

350,000 

68- 83 

200 

1/0 

201-217 

400 

400,000 

84-100 

200 

2/0 

218-267 

400 

500,000 

101-117 

200 

3/0 





9. Service Conductors and Equipment .—The minimum capacity of the 
service required for the initial load depends on the total number of feeders 
supplied by it, whose individual loads are determined as specified in 
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subparagraph 6. Where applicable, demand factors as permitted by the 
National Electrical Code may be used (see Sec. 45 of Div. 3). To deter¬ 
mine the probable required ultimate capacity of the service conductors 
and equipment, 50 per cent should be added to the calculated initial load. 

Where the calculated initial load does not exceed 267 amp., service 
conductors and equipment having the capacity needed for the ultimate 
load should be included as part of the original installation. The recom¬ 
mended equipment for various initial loads is tabulated in item 8. 

Where the initial load exceeds 267 amp., a study should be made of 
each individual case to determine what provision should be made for a 
future increase in the load. 

387. There are five points that must be considered in designing the 
wiring layout for a large building (Knox, “Electric Light Wiring”): 

1. Control of groups of receivers (other than hall or night lights) from 
the main switchboard. 

2. Control of hall lights from the main switchboard. 

3. Maximum load that should be served by one feeder. 

4. The best maximum limit for the size of the feeder conductors. 

5. The proportion of the total voltage drop that can be allowed in 
feeders and mains. 

Each of these items will be separately considered in the following 
paragraphs. By a receiver is meant any device that consumes electrical 
energy. 

388. Control of Groups of Receivers (Other than Hall or Night Lights) 
from the Main Switchboard. —Where it is desirable to control a group of 
receivers from the main switchboard in the basement, a separate feeder 
must be carried from it to each group to be so controlled. Usually the 
feeder system can be laid out without regard to the control of the room 
lights, because, as a rule, they do not have to be controlled from the 
switchboard. It is usually advisable to have each of the lower floors, up 
to and including the ground floor, on a separate switch, as these floors 
often require light when the others do not. Special lighting appliances 
such as sign, clock-dial, and outside dome lights require separate feeders 
from the switchboard, because they are turned on and off at set times from 
the switchboard. Certain motors may require similar control. In 
hotels the feeder switches are never opened except in case of accident so, 
from a control standpoint only, it is not necessary to subdivide hotel 
feeders. Where tenants of portions of buildings pay for the light they 
use it is often desirable to carry a separate feeder from the switchboard to 
each tenant's suite so that all meters can be located together at the switch¬ 
board. Suites can be metered separately by cutting meters in the mains 
at the suites, but this may be undesirable. 

888. The control of hall lights from the main switchboard is an import 
tant consideration. In private dwellings it does not usually pay to 
install a separate feeder for the hall lights, and it may not be necessary 
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in a hotel where attendants are constantly passing in the halls. In a 
majority of public buildings, however, separate control of the hall lights 
is very desirable if not necessary. The usual problem is, then, whether 
there shall be one or two sets of hall-light feeders. With two sets of 
feeders for hall lights, local switches may be eliminated and control effected 
entirely from the main switchboard. Two sets of hall feeders increase the 
cost of installation, but the saving in energy usually justifies them. By 
arranging two sets of feeders, one set serving, say, one-third the hall 
lights and the other the remaining two-thirds, the smaller group can 
be used for dark days and for an all-night circuit, and a saving in energy 
will result. Where there are two sets of hall lights thus controlled, the 
wiring of outlets should be such that there will be a uniform distribution 
of light, whichever set is lighted. Where tenants pay for the energy used 
in their suites, a separate feeder for the hall lights is indispensable. 

390. Maximum Load That Should Be Served by One Feeder.—It 
is impossible to give a hard and fast rule covering this feature. The total 
load in the building, the available space for the switchboard, the method 
of control desired, and the cost all influence a decision. The load should 
always be somewhat subdivided to localize trouble and so that, in an 
isolated plant, the engineer can disconnect portions of the load, while he 
is getting another machine on the line, when the load comes on suddenly. 

391. Best Maximum Limit for the Size of Feeder Conductors.—On a 
basis of cost alone it is usually cheaper to run a few large conductors than 
a great number of small ones. It does not pay, however, to use conduc¬ 
tors larger than 1,000,000 cir. mils. When greater capacity is required it 
is cheaper to subdivide, so that several conductors will have the aggregate 
capacity required. For alternating currents, conductors larger than 700,- 
000 cir. mils are not desirable because of skin effect. Often the space 
available for conductor runs makes it necessary to use small conductors. 
Each case must be decided on its merits. 

392. The Proportion of the Total Voltage Drop That Can Be Allowed in 
Feeders and Mains.—Distribution of drop is discussed in another section, 
and it is there stated that it is usual to confine certain proportions of the 
drop to the feeders, certain proportions to the mains, and certain propor¬ 
tions to the branches. As the allowable voltage drop determines the size 
of a feeder or main it is evident that the layout of feeders and mains for 
any given job will in a measure depend on the drop distribution. Where 
the load on an incandescent-lighting feeder exceeds 1,000 watts, a three- 
wire feeder should be used to ensure good voltage regulation and maxi¬ 
mum economy of copper. 

393. To design the wiring layout for a large building, make a sectional- 
elevation drawing of the structure and a plan drawing of each floor. 
Indicate the receivers (lamps and motors) on the plans and then locate 
panel boxes. Panel boxes should be placed so that they can be readily 
reached and so that the branch circuits, mains, and feeders can be run to 
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them. Compute the load on each panel box and indicate it on the draw¬ 
ing at the box. 

Now lay out the mains and feeders. First decide whether the hall or 
public lights will be controlled separately, or together with the private 
lights from the main switchboard, because this feature affects the arrange¬ 
ment of the feeders and possibly that of the mains. Next decide (note 
conditions outlined above affecting this matter) whether there should be a 
separate feeder to each floor as in Fig. 248, or whether several floors or 



Fig. 248.—Individual feeder Fig. 249.—One feeder seiving 
to each floor. three floors. 

portions thereof will be served by one feeder (Figs. 249 and 250). Whore 
it is not necessary to control the loads separately on the different floors 
and where the conductor size will not be prohibitively large, the cheapest 
and probably the best arrangement is to serve several or possibly all 
floors with one feeder. Usually the only limit to the number of floors 
that may be served with one feeder is the refinement of control that is 
required from the main switchboard. It is frequently necessary to make 
several tentative layouts and computations before the most desirable 
arrangement is found. Make a tentative arrangement of mains and 
feeders and compute the conductor sizes by rules given elsewhere. If 
the tentative scheme does not prove satisfactory lay out another and try 
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that. Motors, and groups of motors, unless very small, should be served 
by independent feeders. 

384. Examples of feeder, main, and panel-box layouts in large buildings 

are shown in Figs. 248 to 253. These are shown to illustrate principles 
rather than actual installations but each method shown could be effec¬ 
tively applied in some certain case. Elevator shafts often provide excel¬ 
lent runways for vertical, conduit-encased feeders. Mains and feeders 
should be installed of a size 25 per cent larger than actually necessary, to 
provide for growth. 

395. Feeders and Mains to the Floors of Buildings. —In buildings 
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covering large areas, several 
panel boxes per floor may be 
required. These panel boxes 
may each be served by a 
separate riser if vertical wire- 
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Fig. 250.—Two sets of lighting feeders. Fig. 251.—An actual feeder 

layout. 


ways are convenient, or it may be better to install but one riser to each 
floor and distribute through horizontal mains to the panel boxes on the 
floor as in Fig. 249. In an installation where the feeders and mains are all 
vertical there need be no feeder runs in the floors. The construction of 
the building and the flexibility of control desired largely determine 
these points. An excellent arrangement is one with a feeder to each 
floor (Fig. 248), whereby flexibility of control and good voltage regula¬ 
tion are assured. The method of Fig. 249, one feeder serving three or 
more floors, is probably most often used. It costs somewhat less than the 
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feeder-per-floor method but does not provide equal flexibility of control 
or quite so good voltage regulation. The feeder and main arrangement 
of Fig. 250 will also give good results if the main connecting the distribu¬ 
tion boxes is made of the same size of wire throughout, thus avoiding the 
installation of fuses in series. (See a discussion of this matter, as applied 
to the mains connecting a number of panel boxes on the same floor, which 
is given in a following paragraph.) Sometimes a single main is made 
to serve all the panel boxes in a building, as in Fig. 251, but in general 
this places “too many eggs in one basket” and results in inflexible con¬ 
trol. Any particular 
case must be decided on 
the basis of cost and 
merit. 

396. High-voltage, 

Vertical-distribution 
Systems.— 'For very 
high office buildings the 
low-voltage, feeder-and- 
main distribution 
systems discussed in 
Secs. 394 and 395 are 
uneconomical owing to 
the excessive amount of 
copper required for dis¬ 
tributing the large 
amount of current over 
such long distances. 

For this class of build- 
ings a high-voltage, ver- Fla - 252,-High-voltage vertical-distribution 
tical-distribution system, 

system has been developed and is rapidly growing in favor. In this 
system the high-voltage distribution feeders are carried up through the 
building through a vertical riser shaft. These high-voltage feeders 
supply banks of step-down transformers located at different floor levels 
throughout the building. From the secondary side of the various trans¬ 
former banks the power is distributed at low voltage to the distribution 
panels supplying the different sections of the building. 

Two different types of high-voltage vertical-distribution systems are 
illustrated in Figs. 252 and 253. In the system of Fig. 252 the building 
is supplied from two banks of transformers, one bank located in the 
basement and the other bank located on the top floor. These two banks 
of transformers feed into the opposite ends of a low-voltage secondary 
main which extends vertically through the entire height of the building. 
The distribution panels on the different floors are supplied from this lbw- 
voltage main. 



To Low-Tension 
City Network 
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In the system of Fig. 253 the building is divided vertically into sections 
with one or more banks of transformers supplying each section. High- 
voltage feeders are carried up through the building to supply the banks 
of transformers T i} T 2 , T s , and 7\ located at the different levels. The 
secondary side of the transformers of each section is connected to a 
common low-tension network bus. From this bus the power is dis¬ 
tributed to the various distribution panels in that section by means of a 
low-tension, feeder-and-main system similar to those described in Secs. 
394 and 395. 

In the high-voltage, vertical-distribution systems, protection is pro¬ 
vided by means of automatic 
network protectors in the sec¬ 
ondaries of each bank of trans¬ 
formers. In case of trouble 
causing the low-voltage net¬ 
work to feed back into any 
one bank of transformers, the 
network protector will discon¬ 
nect the transformers from the 
low-volt age bus. Upon the 
restoration of proper voltage 
the network protector will 
automatically reconnect the 
transformers to the low-volt¬ 
age bus. 

397. Distribution to Panel 
Boxes on Floors.—Often in 
buildings covering a small 
Fig. 253. — High-voltage vertical-distri- area one panel box per floor 
bution system. for general lighting is suffi- 

cient. Figure 248, floors IV and V, shows an arrangement of mains from 
the distributing box to the panel boxes that may be used where the dis¬ 
tributing box is located at about the center of the building. The layout 
on floor V is the best because with it trouble is localized, and very uniform 
pressure at panel boxes is assured. Where, as shown in V, subdivided 
mains are used the conduit for them will be small and can be readily 
installed within the floors. The method of IV is cheaper than that of V, 
but the disadvantage is that fuses are required in series in the mains at 
each point where the wire size changes. The mains can be made the 
same size throughout at increased cost, and fuses thereby avoided. (See 
information on mains and tapered mains in Div. 3 of this book.) 

Where the feeder to a floor rises at one side of the building the mains 
from the distributing box to the panel boxes may be arranged as in Fig. 
249, floors IV, V, and VI. The layout of VI is objectionable because 
there must be a fuse in series with the main in every panel box. By 
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using two sizes of wire in V instead of four, the number of series fuses is 
reduced to two. The best arrangement is that of IV, because with it 
there are no series fuses, and troubles are localized. 

398. Shop Wiring Design. —The design of the wiring system between 
the generating station and the shop buildings of an industrial plant that 
generates its own power is treated in another section, and a general com¬ 
parison of the distribution methods that may be involved is there given. 
The wiring for the lighting circuits within the shop is laid out on the same 
general basis as for other buildings as herein outlined. At least one con¬ 
venience outlet should be installed in each bay in both manufacturing 
and storage areas. The lighting, feeder, main, distribution-center, and 
panel-box layouts are about the same as for other buildings. For 
groups of motors, circuits independent of the lighting circuits should be 
provided unless the motors are very small. These independent circuits 
should extend preferably from the generating station or at least from the 
entrance through the building to points wherever there are motors. 

In general, the factors affecting the design of interior feeder and main 
layouts for power circuits are the same as given in Sec. 386. Often in a 
one-story shop or on each of the floors of a multistory shop the best 
method of serving the motors is to carry a single main the entire length 
of the shop. The motors can then, through fuses and switches, be con¬ 
nected to this main. A single main on each floor suffices for a narrow 
shop. Where the shop is wide, several parallel mains so located that no 
motor is very far from some one of them may be installed. Often a ring 
main running around just inside the shop walls (see Fig. 18, Sec. 24, 
Division 3) provides a good arrangement. The branches from the main 
can be carried down the walls and under the floor to the motors. In 
installations which require frequent rearrangement of the machinery, the 
bus-way systems in Secs. 192 and 193 provide a flexible distribution 
system which will eliminate excessive expenses in the reconstruction of 
the wiring system. In a shop of several stories, unless the motor load 
is very small, it is a good plan to run separate power mains from the 
entrance to the building to each floor, but any of the feeder and main 
arrangements shown for lighting circuits in Figs. 248 to 251 can be used. 
However the layouts for power conductors should be, and usually are. 
much more simple than those for lighting conductors. A simple arrange¬ 
ment is usually possible because a close voltage regulation is not so impor¬ 
tant with power as with lighting circuits. 

Wiring Finished Buildings 

399. Information on Wiring Old Buildings. —For detailed information 

concerning this subject, see the author's book, “Wiring of Finished 
Buildings." * 

400. In laying out old-house wiring installations, the first things to be 
considered are the location of the meter and the panel board, and the 



1324 AMERICAN ELECTRICIANS’ HANDBOOK [Div. 


point where the wires are to enter. The meter should generally be located 
in either the kitchen, back hall, or cellar or outside the house. In the 
smaller houses, the panel board should be located near the meter, and in 
the larger houses, where there are a number of branch "circuits, at the 
central point of distribution, i.e at some point on the second floor, 
preferably the hall. The point of entry should be located with reference 
to the accessibility of the service connection. 

401. Typical Wiring Plan of an Old Building. —Figure 254 shows the 
routes taken by the wires, to chandeliers and switches, within walls and 
under floors. The point of entry for the mains in this case is the kitchen, 



Second Floor Plan 

Fig. 254.—Wiring of a five-room house. 
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on the outer wall of which are located the main switch, the fuse block, 
and the meter. Double-pole switches are shown, as they are required 
in certain cities in installations where combination gas and electric fixtures 
are used. Single-pole switches installed in accordance with National 
Electrical Code rules are practically as good for the average installation. 
The methods of carrying conductors to single-pole switches will be obvi¬ 
ous from a study of the illustration. 

The dotted lines show the flooring boards taken up on the second floor, 
and the fixture and switch locations on the first floor are indicated. The 
switch locations are within easy fishing distance. 



Pipe Couplings j Pi pe Extension Bit ^efdedinPipe 



Method of Fastening Plug *«- Floor Saw 



E Floor Chisels 

Tig. 255. —Tools used in wiring old buildings. 


The flooring boards are removed on the second floor in such locations 
as to pass under one partition only, and with regard to accessibility of the 
outlet and switch openings below. 

In many houses of the type shown, the space between roof and second 
floor Ceiling is sealed, in which case a hole is cut in the ceiling of a closet, 
and the opening is provided with a trap door. 

402. Special Tools Used in Wiring Old Buildings (see Fig. 255). 1. 

Pipe Extension Bit .—Used to drill, up from the cellar or down from the 
third floor, through crosspieces or headers in a partition where it is impos¬ 
sible to get over or under them. A 2-in. bit is used, making a hole large 
enough to take four pieces of flexible tubing. Cases are known where 
boring has been done from the cellar to the third floor successfully, 
although the necessity for this is very rare. Figure 256 illustrates the 
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application of this device. A bit brace can be used for turning it, or if 
the space is restricted a pipe wrench can be used. 

2. Floor Saw. —Used in removing flooring boards, made short enough 
so that it cannot be pushed through the plaster of the ceiling below. 
The blade is \4. in. wide at the point and approximately 8 in. long with a 

handle similar to that of a keyhole saw. 

3. Floor Chisels.—Used in removing the 
flooring boards. The chisels are from 12 
to 24 in. long and 2 in. wide at the point. 
wrfjjj i lf ii H ggg!** _|—jL 4. Extension-bit Holder.—Used in a bit 

hacferil 1/* brace for drilling holes in joist. They are 2 

” ■ -Jlr-! to 3 ft. long, and enable the wireman to 

drill holes in a recess or in places where a 
long bit would be needed. By coupling 
two of the holders together, the wireman 
can drill circuit holes in the joist while 
standing, which renders the work much 
easier, where there are a number of holes 
to be drilled. 

5. Mouse.—Used in locating crosspieces 
and finding clear spaces in partitions. It 
is made up of a length of twine with a piece 
of lead or other heavy material on its end. 

6. Snake.—Used in fishing wires through 
partitions or under floors; made of rectan¬ 
gular or round steel wire. 

403. Removing Flooring Boards.—First 
a slot must be made in the seam between 
flooring boards of sufficient size to enable the floor-saw blade (Fig. 
255) to be inserted. This is best done with a sharp, narrow chisel 
having a %-in. blade. Then the saw blade is inserted, and the tongue 
at the junction of the flooring boards is sawed off the full length of 
board to be removed. The wireman can tell when he reaches the joist 
at which he wishes to end his cut. At this point the chisel blade is placed 
with the flat part across the board at edge of the joist, and another small 
slot made. Then the board is sawed off even with the joist and can be 
easily removed with a floor chisel (Fig. 255). When the board is replaced, 
a cleat is nailed to the joist (Fig. 257) for the board to rest on, and then 
the board is nailed down, or better yet, screwed down, so that if it is 
necessary to get at the wires again it can be done with little trouble. 
When fastening down the flooring, two nails or screws should be put in 
each joist. When only one nail is used, the board is apt to squeak when 
walked over. To ensure a substantial job, any floor board that is 
removed should be long enough to bridge at least two joists. 

404. Fishing to Center Outlets. —A great deal depends on the layout 
of the house. Almost invariably the joists are run parallel to the street. 



Fig. 256.—Illustrating use of 
the pipe-extension bit. 
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If the house is one with a side or center hall on the second floor, the circuits 
can be run the length of the hall, necessitating the removal of two boards 
for that distance. Wires can then be 
fished from the center of the room by 
cutting a small hole at the chandelier 
location or by cutting a pocket in the floor 
directly above the location of the outlet. 

If it is necessary to take up the boards 
in the floor at some distance from the 
partitions, another pocket will have to be 
taken up close to the partition in order to 
drop the switch loops, and to go through 
to the other side. This is necessary 
when the hall is in the center, with the rooms to be wired on each side. 

If, as is the case with some of the smaller houses, there is no hall on 
the second floor, and the rooms are directly in the rear of each other, the 
boards can be taken up through the doorways, and the wires dropped to 
the switches, outlets, and to the panel board in the kitchen very readily 
(see Fig. 254). Where there are hardwood floors, the wires must be 
fished from the center of the room to a closet or to a point where the 
baseboard can be removed, so as to get into a partition going either up or 
down. In a great many cases it is necessary to drop to the cellar and 
then come up again in another location for the switch loop. Where this 
is necessary, the most convenient place for the panel board is in the 
cellar. 

405. When plaster-of-paris molding or centerpieces are to be drilled, 

the Syracuse bit is the best. In many cases it is necessary first to saw 
off the lower portion of the center decoration to provide a flat surface to 
front the drill. Use very little pressure and have the drill very sharp. 

406. Wiring for Switch Loops.—In a great many cases the bringing 
out of the switch loops at outlets at a proper distance from the floor is 
the most difficult part of wiring old houses, on account of the crosspieces 
or bridges sometimes found in partitions. The method to be used must 
be determined by the wireman on the job, according to the conditions 
found. Following are some of the methods used: 

First, with his mouse, he finds if the runway is clear; if so, the rest is 
easy. But, if he finds there are crosspieces, he locates their position by 
measurement with the mouse, and marks the location on the wall. If 
the crosspieces are above the proper positions for the switch, he will 
probably use one of the following methods of getting around it: 

1. Remove the doorstop strip from the frame of the doorway (Fig. 258), 
bore through on each side of the crosspiece, cut a recess in the inside of the 
frame, and then fish the wires around. 

2. If on the second floor and there is no partition directly above, the 
wireman can use a pipe extension bit (Fig. 255,1), drilling one hole large 
enough to fish the switch loop through. 





Fig. 257.—Methods of loca¬ 
ting cleats to support floor 
boards that have been 
removed. 
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3. If the crosspiece is not too far above the proposed location of the 
switch, holes can be drilled on a slant from switch opening. 

4. Remove the wallpaper directly over the crosspiece, which can easily 
be done, especially in an old house where there are several thicknesses of 
paper, either dry or by dampening it. This can be done by cutting an X 
through the paper at the point over which the opening is to be made, and 
bending the paper back, but taking care not to bend it enough to crease 
it. Then cut a hole smaller than the paper removed and bore holes or 

cut away the crosspiece enough so that the 
wires will pass. If there is a figure or 
flower where the crosspiece is located, it 


Fig. 258.—Carrying wires Fig. 259.—Examining partition interior, 

around a bridge. 

can be cut out with a sharp knife, and, after the hole is plastered up with 
plaster of paris, the paper can be replaced very neatly. A careful man 
usually performs this operation very successfully. 

5. Sometimes a wireman will attempt to remove these crosspieces, 
when he can get at them from above, by putting a piece of pipe down 
between the partition and hitting it with a heavy hammer. This method 
is apt to cause damage to the plaster by bulging or breaking it out and is 
not recommended. 

6. When a switch must be located on a brick wall, it is necessary to 
run wires in rigid or flexible steel conduit. The wall must be channeled, 
and the conductor buried in it, and the groove replastered. At the point 
where the metal terminates under the floor a suitable outlet fitting must 
be provided. 

407. Examining Partition Interiors. —With a pocket flashlight and a 
little mirror the interior of a wall or partition which would ordinarily be 
inaccessible can be inspected (Fig. 259). The mirror is introduced in 
the outlet hole, and the flashlight and eye are held behind it as illus¬ 
trated. The mirror reflects the light of the lamp onto the place to be 
illuminated, at the same time reflecting the image back to the eye. 
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PRINCIPLES AND UNITS 


1* Explanation of Light. —Light (“Standard Handbook for Electrical 
Engineers”) may be defined as radiant energy of those wave lengths 
to which the human eye is sensitive. Figure 1 shows the complete 
ether spectrum of electromagnetic waves, which travel through space at 
the velocity of approximately 186,000 miles per second. The longer 
waves are the ones used in radio communication; the shortest ones are 
the X rays and cosmic rays. The waves to which the eye is sensitive 
are those near the middle of the spectrum, of a length of about 0.0004 


THE ETHER SPECTRUM 



Fig. 1.—The ether spectrum. 


to 0.0008 mm. An enlarged section of this part of the spectrum is shown 
in the figure. 

The effect of light upon the eye gives us the sensation of sight. The 
impression of color depends upon the wave length of the light falling upon 
the eye. There are three primary colors of light—red, green, and violet. 
Violet light has the shortest wave length of the radiant energy to which 
the eye is sensitive; red the longest; and green an intermediate wave 
length between that of violet and red. These three colors are called the 
primary colors, because light of any one of them cannot be produced by 
combining light of any other colors. Light of any other color than these 
three can be produced by combining in the proper proportions light of 
two or all three of the primary colors. 

2. Propagation of Light. —Rays of light travel in straight lines unless 
interfered with by some medium that absorbs or deflects them. When¬ 
ever a light wave strikes a different medium than that through which 
it has been passing, there are three fundamental phenomena that may 
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occur—absorption, reflection, or refraction. Whenever light waves 
strike any object, a portion of their energy is absorbed, the amount 
depending upon the nature of the substance. This absorbed energy is 
dissipated in the form of heat. The remaining portion of the light may 
be all transmitted through the substance, all reflected back from the 
surface, or part transmitted and part reflected, depending upon the 
nature of the substance and the angle at which the light impinges upon 
the surface of the object. If the light strikes the object perpendicularly 
to the surface, it is either transmitted in a straight line through the sub¬ 
stance or reflected back from its surface in the same direction in which it 
impinged upon the surface. If light strikes an object at an angle other 
than 90 deg. to its surface, then either the light is transmitted through 
the object but in an altered direction (refraction), or the light is reflected 
back from the object but in a different direction than that in which it 
impinged upon the object (reflection). With most objects all three of 
the phenomena occur, some of the light impinging upon it being absorbed, 
some transmitted through (refracted), and some reflected back from 
its surface. 

3. Absorption. —Although some of the energy of a ray of light is always 
absorbed whenever a light ray impinges upon an object, the amount 
absorbed varies over wide limits, depending upon the nature of the 
object, the molecular construction, the wave length or color of the incident 
light, and the angle at which the light strikes the surface. All objects do 
not absorb light of different wave lengths in the same proportion. It 
is this phenomenon which accounts for the characteristic color of objects 
(see Sec. 13). Since objects do not absorb the same proportion of the 
incident light of different colors, the amount of light absorbed by an 
object depends upon the color or wave length of the light impinging upon 
the object. Tables 4 and 12 give the percentage of incident white light 
that is absorbed by various types of surfaces. 


4. Coefficients (Per Cent) of Absorption of Globes and Shades 


Material 

Absorp¬ 
tion, 
per cent 

Material 

. 

Absorp¬ 
tion, 
per cent 

Clear glass globes. 

5-12 

Medium opalescent globes. 

25-40 

Light sandblasted globes. 

10-20 

Amber glass. 

40-60 

Alabaster globes. 

10-20 

Heavy opalescent globes. 

30-60 

Canary-colored globes. 

15-20 

Flame-glass globes. 

30-60 

Light-blue alabaster globes. 

15-25 

Enameled glass. 

60-70 

Heavy blue alabaster globes. 

15-30 

White diffuse plastic. 

65-90 

Ribbed glass globes. 

15-30 

Signal-green globes. 

80-90 

Clear plastic globes. 

20-40 

Ruby-glass globes... 

85-90 

Opaline glass globes. 

Ground-glass globes. 

15-40 

20-30 

Cobalt-blue globes. 

90-95 
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5. Absorption is the loss of light flux which occurs when the flux is 
reflected by a reflecting surface or when it passes through a translucent or 
so-called transparent material. 

Per cent absorption = 100 per cent — per cent reflection - per cent 

transmitted. (1) 

6. Reflection of light (Fig. 2) is the redirecting of light rays by a 
reflecting surface. Whenever light energy strikes an opaque object 
or surface, part is absorbed by the surface and part is reflected. Light- 
colored surfaces reflect (Table 9) a larger part of the light thrown on them 
than do dark-colored surfaces, whereas dark surfaces absorb a larger part 


f orm ^ * Light Source 

j\ CrTuI // 

^ \ l*T 

I Reflected 

Ray 



1-Smooth Surface I-Smootb Surface 3CrBroken Surface 

Fig. 2.—Illustrating the reflection of light. (Note that the angle of inci¬ 
dence, t, always equals the angle of reflection, r.) 


of the light and black surfaces absorb nearly all the light which reaches 
them. 

Note. —Consider first a smooth surface AB (I ig. 2, I), on which a ray of light L falls. 
This ray will he so reflected in the direction R that the angle i is exactly equal to the 
angle r. Consider now the effect of a number of rays falling on a smooth surface CD 
(Fig. 2, II). Each ray will be reflected in such a way that it leaves the surface at the 
same angle at which it strikes it. The eye if held as shown would perceive only the 
light reflected into it. Consider now a broken surface such as FO (Fig. 2, III). Each 
ray of light is reflected from that portion of the surface on whrch it falls, just as though 
that point were on a smooth surface. The result is that the light is scattered, and if the 
surface is irregular enough, the eye placed at any point will receive reflections from many 
points of the .surface. All opaque surfaces except polished surfaces have innumerable 
minute irregularities like the surface in Fig. 2, III. This alone enables them to be seen. 

7. The different kinds of reflection will now be considered. Regular 
reflection is that (Fig. 3, I and 3 A, I), wherein the angle of incidence i is 
equal to the angle of reflection r. This kind of reflection is obtained from 
mirrored glass, prismatic glass, and polished metal surfaces. Spread 
reflection (Fig. 3, II and 3^4, II) is that wherein the maximum intensity 
of the reflected light follows the law of regular reflection, except that a 
part of the light is scattered slightly out of this line. Spread reflection 
is obtained from etched prismatic glass and from rough metallic surfaces. 
Diffuse reflection (Fig. 3, III) is that wherein the maximum intensity 
of the reflected light is normal to the reflecting surface. This holds over 
a large range of the angle of incidence. This kind of reflection is usually 
caused by reflection from particles beneath the surface (see Fig. 3A, III). 
Diffuse reflection may be obtained from opal glass, porcelain enamel, 
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paint enamel, and paint finishes commonly used for interior decoration 
of walls and ceilings. 



I-Regular Reflection II-Spread Reflection I-Diffuse Reflection 

Fig. 3.—Illustrating classifications of reflection. 



I-Regular Reflection I-Spreaol Reflection Hi-Diffuse Reflection 
Fig. 3A.—Magnified view of preceding illustration. 

8. Reflecting Power of Surfaces.—Different surfaces reflect different 
percentages of the light falling upon them. The illumination of a small 
room having poorly reflecting walls may sometimes be improved by 
changing the wall coverings. If the room is large or if reflectors are 
used to throw the light downward so that not much light reaches the 
walls, a change in the wall covering will have little effect on the general 
illumination. 

9. The following table of reflection coefficients (Bell, “Art of Illumina¬ 
tion ”) is useful in showing the relative reflective value of wall coverings 
in rooms. 


Material 

Reflec¬ 
tion, 
per cent 

Material 

Reflec¬ 
tion, 
per cent 

Highly polished silver 

92 

Chrome-> ellow paper 

62 

Optical mirrors silvered on sur- 


Yellow wallpaper 

40 

face . 

70-85 

Light-pink paper 

36 

Highly polished brass 

70-75 

Blue wallpaper 

25 

Highly polished copper 

60-70 

Dark-brown paper 

13 

Highly polished steel 

60 

Vermilion paper . 

12 

Speculum metal. 

60-80 

Blue-green paper 

12 

Polished gold.... 

50-55 

Cobalt blue 

12 

Burnished copper. 

40-50 

Glossy black paper 

5 

White blotting paper 

82 

Deep chocolate paper 

4 

White cartridge paper 

80 

Black cloth 

1 2 

Porcelain enamel 

70-80 

Black velvet 

0.4 

Ordinary foolscap 

70 

Black, theoretically perfect. .. 

0.0 

Polished aluminum 

67 
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10. Refraction. —Whenever a light ray passes from one medium into 
another of greater or less density, the direction of the ray is altered. 
This is called refraction. Refraction may be one of three types: regular, 
irregular or spread, or diffuse, depending upon the nature of the construc¬ 
tion of the substance and the character of its surfaces. 



Regulator refraction occurs with plain glass or glass prisms as shown 
in Fig. 4. Light in passing through a substance goes through two refrac¬ 
tions, one upon entering the substance and one upon leaving the substance. 


If the surfaces of the object are parallel, 
the direction of the light leaving the 
object is parallel to the direction of the 
light impinging upon the object. If 
the surfaces of the object are not par- 



Fio. 5.—Total reflection with 
prism. {General Electric Co ., Nela 
Park Engineering Dept.) 


as in a piece of glass (Fig. 4, I), 



Fig. 6.—Spread refraction with 
etched glass. {General Electric 
('o., Nela Park Engineering Dept.) 


allel, as in the prism of Fig. 4, II, the light leaving the object will not 
be in a direction parallel to the incident light. A prism may be con¬ 
structed to refract the light from its different surfaces so that light is not 
transmitted through the prism but is reflected back as shown in Fig. 5. 

Irregular or spread refraction occurs with light transmitted through 
glass with a rough surface such as etched or frosted glass, as shown in 
Fig. 6. Such a surface can be considered as consisting of a great number 
of very small smooth surfaces making slight angles with each other. The 
individual rays of light emitting from such a surface are refracted at 
slightly different angles but all in the same general direction. Thus the 
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light transmitted through a substance with such a surface is refracted in 
the same general direction but with the beam spread somewhat from what 
it would be for regular refraction. 

The composition of opal glass is such that it contains a number of 
minute opaque particles throughout its structure. Light striking such 
an object travels through the glass until it strikes one of these opaque 



Flo. 7.—Diffuse re- Flu. 8. Diffuse leflection 

fiaction. and lefractiou with opal glass. 

(General Electric Co., Nela 
Park Engineering Dept.) 

particles, from which it is either reflected back or transmitted through the 
glass to the other surface. The total beam of light striking the object is 
thus split up by the innumerable small opaque particles, part being 
reflected back in all directions, and part being refracted through the glass 
in all directions. The portion that is transmitted (refracted) through the 
glass is diffusely refracted. An idea of how diffuse refraction takes place 
can be gained from Fig. 7. In Fig. 8 the diffuse reflection and refraction 
of a rav of light impinging upon a piece of opal glass is indicated. 

11. Most Frequently Used Lighting Units, Abbreviations, Symbols, and 
the Corresponding Hydraulic Analogies 


Photometric quuntit\ 

Name of 
unit 

i 

Abbre¬ 

viation 

Symbol 

. 

Hydraulic analogy 

Light flux. 

Lumen 

Lumen 

F 

Gal. per min. 

Luminous intensity 

Candle 

c.p. 

I 

Pressure in lb. per 
sq. in. 

Illumination.... 

Foot-candle 

ft.-c. 

E 

Incident gal. per 
sq. ft. per min. 

Brightness. 

Lambert 

Lambert 

j 

L 

Issuing gal. per sq. 
ft. per min. 
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18. Color of Objects. —Our impression of the color of objects is due to 
the color of the light that the object reflects or transmits to our eyes. In 
Sec. 2 it was stated that all objects absorb a certain portion of the light 
that falls upon them, but that all objects do not absorb the same propor¬ 
tion of light of the different wave lengths. It is through this different 
absorption that different objects have unlike colors. If all objects 
absorbed light in exactly the same manner, all objects would appear to have 
the same color. In order that things may appear in their true colors, they 
must be observed under white light, ?.e., light containing all three primary 
colors in the right proportion. An article which absorbs no light or 
which absorbs light of the three primary colors in the same proportion as 
they are combined to produce white light will transmit from its surface 
light in a condition unchanged from that in which the light fell upon the 
object. Such an object would appear white in color. An object which 
absorbs all or nearly all the light which falls upon it will have no color or, 
in other words, will be black. An object which absorbs all the green and 
violet rays will be red in color since it will transmit to our eyes only red 
light. In order that an object may appear in its true color the light 
falling upon it must contain light of the wave length that the object 
reflects or transmits. Thus, light falling upon a red object must contain 
red light if the object is to appear in its true color. A red object viewed 
under a light which contains only green and violet rays will appear black, 
since the object absorbs the green and violet rays and is capable of reflect¬ 
ing only red rays. 

14. Light flux (which, as is explained later, is measured in lumens) is a 
flow of light, ?.c., light energy or light waves. Light flux always originates 
from some source of light, such as the sun, a candle, or an incandescent 
lamp. But light flux may be redirected by reflecting surfaces. The light 
flux which emanates directly or is reflected from objects to the human eye 
is the medium whereby the objects are seen. 

Note. —Although there is no actual flow of anything material in a flux of light, there 
is a flow of light waves. However, light flux behaves somewhat as if it were an actual 
flow of an imaginary liquid (see next section) and may often, for purposes of explanation, 
be conveniently thought of as such. 

15. A hydraulic analogy to a spherical light source and its emanating 
light flux is shown in Fig. 9. Imagine a hollow sphere S , the shell of which 
is porous, i.e., perforated with extremely small holes over its entire surface. 
A subtle, noncompressible, weightless liquid is forced, by pressure, into the 
shell and out through its perforations. The sphere is somewhat analogous 
to a light source. The liquid projected from it is somewhat analogous to 
emanating light flux. 

Explanation —In escaping (Fig. 9), the liquid is broken up into innumerable streams 
each of infinitesimally small diameter. After escaping, each stream travels on indefi¬ 
nitely in a straight line until it strikes some opaque substance (reflector) such as RiRn. 
Then, part of it is absorbed by the substance and the remainder “bounces off” and travels 
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in a straight line in a new direction. If the stream is “reflected” many times from one 
surface to another, all of it will, ultimately, be absorbed. 

The pressure, in pounds per square inch, at which each minute stream of the liquid 
is forced from the sphere is analogous to the luminous intensity in candle power, in that 
direction, of a corresponding light source. The total quantity of the liquid which escapes, 
in gallons per minute, is analogous to the total luminous flux (in lumens), emanating 
from the corresponding light source. The number of gallons of the liquid (incident light 
flux) which impinges, per square foot per minute, on a surface R1R2 is analogous to the 
illumination on that surface in foot-candles. 


[Fine Perforations .'-Subtle. ,Wthhti9Ss, Non-Com- 



Fig. 9.—Hydraulic analogy to light source, light flux and reflection. 

The gallons per square foot per minute which is projected (reflected light flux) from 
an opaque surface, R1R1, is analogous to the brightness of the surface in lamberts. 

Each of the above enumerated quantities and units will be considered in detail in 
succeeding sections. 


16. A true point source of light (Fig. 10) is a luminous mathematical 
point which emits light flux uniformly in all directions. It is a theoretical 



v 

IrSeetion Through I-Sactioh XX 

Hollow Sphere 

Fig. 10.— Diagrammatical illustration of 
light rays emitted by a point source of light. 


concept which cannot actu¬ 
ally exist. It is, however, 
used—and is necessary— 
for the development of the 
quantities and units used in 
lighting computations. 
Note.— An actual light 

SOURCE MAY BE CONSIDERED AS A 

point source, without prohibi¬ 
tive error, if the distance between 
the source and the location at 
which the source is viewed or 
examined is at least 10 times the 
greatest dimension of the source. 


17. The luminous intensity of a given source of light in a certain speci¬ 
fied direction is a measure of the ability of the source to project light in 
that direction. Luminous intensity is analogous to voltage in electricity 
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or unit pressure (pounds per square inch) in steam or hydraulics. Lumi¬ 
nous intensity is measured in a unit which is called either the candle or 
candle power. 

Note.—Thu l u m r n o u-b ® -* c 

___ _ 


Note.—Thu luminou-s 

INTENSITY OP ACTUAL LIGHT 
SOURCES IS GENERALLY 
GREATER IN CERTAIN DIREC¬ 
TIONS THAN IN OTHERS 
Thus, m Fife 11, the luminous 
intensity of the lamp is 
greatest in the honzontal 
direction. 


- 


<> v\ 5 ° 




\ ,5 ‘ + Actual measured 
-US* candle power 
—j 16.0 intensities in 

different directions 


j- Fig. 11.—Luminous intensities in different direc- 

lo. Ine Canale or tions around an incandescent lamp, 

candle power is defined 

as the luminous intensity or light-producing power in the horizontal direc- 

. , UK tion of a standard lamp which is made 

Illumination Is IFf-c-. , , . Al TT ~ 

_ . . 0 ,, . \ ! |k J and used in accordance with t .S. 

Point Source Having Nl.SvPta'r ~ . _ 

{Luminous intensity pll||| nhv -Bureau oi standards specifications. 


Illumination Is IFf- c*. 


Point Source Having 
dJuminoyS' Intensity 




Note.—The luminous intensi ty o* an 
ordinary sperm candlb (Fig. 12) in the hori¬ 
zontal dnection is about 1 candle. Thus was 
derived the name of the unit. 


Avvnm / / / iV^II * 19* The true luminous intensity or 

7^5 candle power of a light source can be 

MurraLi4ol j /?<*, obtained only when the source is a true 

point source (Sec. 16). But a true 
- point source does not exist. It is 

^.*****4^#. n„., 

the luminous mtensity of an actual 
light source, in a certain direction, is (Fig 13) due to the combined effects 
of a number of point sources in the 
surface of the actual light source. j^^rOpaqueScmn 
Hence, the luminous intensity of an .H//^ina^ofArM Un ^x 

actual light source, in a given direction, !&j| 

as determined with a photometer (Sec. __ Actual Light Source- iM 

27), is not the true candle power 
(luminous intensity) but is the ap- 

parent luminous intensity (apparent F ig. 13.—Showing that the 
candle power) in that direction. illumination at point S is due to 

20. “Illumination” is measured in the combined effects of an infinite 
“foot-candles.” The foot-eandle is £ ura e ^ r of P° int source «* p '< Pt ' 
defined as that illumination which is *’ 

produced (Fig. 12) by a 1 c.p. point source (or its equivalent) on a surface 
which is exactly 1 ft. distant from the point source. 

Explanation. —If, in Fig. 12, the light source S is assumed to be a point source of 
luminous flux, then the illumination at point A, which is exactly 1 ft. from 8, is (by 


^-OpcKfue Screen 
Pays From Point Sources** 
-Wuminateot Ana /7\ 

5 Actual Light Source- 1 

Botse Boarot-^ 




Fig. 13. —Showing that the 
illumination at point S is due to 
the combined effects of an infinite 
number of point sources, Pi, Pt, 
P*, etc. 
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definition) 1 ft.-c. Since the illuminated surface MNOP is a plane, the point A is the 
only point on the surface which has an illumination of 1 ft.-c. The illumination at any 
other point on the surface, such as B or C, is less than 1 ft.-c. because they are farther 
away from S than is P. If, however, the sphere of Fig. 10 has an internal radius of 1 ft. 
and the true point source (Sec. 16) has a luminous intensity of 1 candle, then every 
point on the interior surface of the sphere will have an illumination of 1 ft.-c. 

21. “Illumination” is really the density of the light flux which impinges 
on the surface of an illuminated object. The average density of anything 
on a surface may be numerically represented by the number of things on 
the whole surface divided by the number of unit areas in the surface. 
Thus, as will be further explained in Sec. 25, if the light flux, in lumens, 
which impinges on a surface is divided by the area of that surface in 
square feet, the average illumination over the surface will be the result. 

22. Light flux is measured in lumens. A lumen is defined as that 
quantity of incident light flux which will, when uniformly distributed over 
a surface having an area of 1 sq. ft., produce an illumination of 1 ft.-c. on 
every point of the surface. 

Note.—When light flux impinges nonuniformly on a surface then a lumen is 
the quantity of light flux which will, on 1 sq. ft. area of the surface, produce an average 
illumination of 1 ft.-c. 

23. A point source of light of 1 candle luminous intensity emits 12.57 
lumens. It has been shown (Sec. 20 and Fig. 10) that a 1-c.p. point 
source of light located at the center of a hollow sphere of 1-ft. radius will 
produce an illumination of 1 ft.-c. on every point of the interior surface 
of the sphere. Now the superficial area of a sphere = 4 X 3.1416 X r 2 . 
Hence, this 1-ft.-radius sphere will have an area of: 4 -f- 3.1416 X 1 X 
1 = 12.57 sq. ft. Since every point on the surface of this sphere has an 
illumination of 1 ft.-c., there must, to satisfy the definition of the lumen 
(Sec. 22), be as many lumens emitted by the 1-c.p. point source as then* 
are square feet in the sphere’s surface. The sphere has an area of 
12.57 sq. ft. Therefore every 1-c.p. point source of light emits 12.57 
lumens. 

24. To obtain the output of a light source in lumens when its mean 
spherical candle power is known, substitute in the following formula. 
This formula is strictly accurate only for a true point source (Sec. 16) 
of light, but it gives results sufficiently accurate for all practical pur¬ 
poses if the mean spherical candle power (Sec. 29) is substituted for 
/. For the derivation of the formula, see the author’s “Practical Elec¬ 
tric Illumination.” 

F = 12.57 X I (lumens) (2) 

where F — total light flux emitted by the light source, in lumens; and 
/ = luminous intensity or candle power of a point source, in candles or, 
with sufficient accuracy for most practical purposes, the mean spherical 
candle power of an actual light source. 
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Example. —The mean spherical candlepower of a light source is 68.8. What quantity 
of light flux is emitted in lumens? 

Solution.— By For. (2), light flux F = 12.57 X I - 12.57 X 68.8 - 865 lumens. 

25. “Illumination” in “foot candles” is really “lumens per square 
foot.” From the definition of the lumen in Sec. 22, 1 lumen of flux spread 
out over an area of 1 sq. ft. produces 1 ft.-c. average illumination over 
that surface; 2 lumens would produce 2 ft.-c., etc. Similarly, 10 lumens 
spread out over an area of 5 sq. ft. would produce an average illumination 
of 10 4- 5 = 2 ft.-c. Likewise, 1 lumen spread out over an area of 
2 sq. ft. would produce an illumination of 1 -s- 2 = 0.5 ft.-c. Thus, it is 
evident that lumens -s- sq. ft. area = average foot-candles illumination. 

Example. —A loom which has an aiea of 600 sq. ft. has 3,300 lumens of light flux 
impinging on the woiking plane. What is the average illumination, in foot-candles, on 
the working plane? 

Solution. — By equation given above, average foot-candles illumination = lumens -f- 
sq. ft. area = 3,300 4* 600 = 5.5 ft.-c. 

26. The illumination, in foot-candles, which, from a light source, 
impinges on a surface, varies inversely as the square of the distance from 



the source. This is true absolutely for a true point source (Sec. 16). 
It is true within the limits of measuring instruments for an ordinary light 
source if the distance is at least ten times greater than the largest dimen¬ 
sion of the luminous source. 

Explanation. —Assume (Fig. 14) that the 1 c.p. point source P is placed at the 
center of a hollow spherical shell which has an internal radius D of 1 ft. Then, a section 
A of the shell, having an area of 1 sq. ft., will have on its inner surface an illumination of 
1 ft.-c. This follows from the preceding discussions. Furthermore, from the definition 
of the lumen (Sec. 22 ), just 1 lumen of flux is lighting this surface. Now, if the 1-ft.- 
radius sphere be removed and the 1 c.p. source be placed at the center of a 2-ft.-radius 
sphere, i.e., one of double the radius, then the same light flux will be spread out over an 
area B of 4 sq. ft. (This follows because of the geometric fact that similar areas vary 
directly as the square of similar dimensions.) The illumination on B will be: 1 lumen 4- 
4 sq. ft. * 0.25 ft.-c. Thus by doubling the distance from the source, the illumination 
has been quartered. Similarly, it can be shown for C that with the distance D increased 



1342 AMERICAN ELECTRICIANS' HANDBOOK [Div. 9 


three times the illumination provided by 1 lumen of flux is one-ninth of what it was with 
the distance of X ft. Thus, illumination varies inversely as the square of the distance 
from the source. 

27. The photometer (Fig. 15) is an instrument which is used for deter¬ 
mining the luminous intensity, in candles, of a light source. Note that 
any determination made with a photometer gives apparent candle power. 
However (Sec. 26), if the location at which the intensity is measured is at 
a sufficient distance ( d 2 , Fig. 15) from the source, then the source may 
for all practical purposes be considered as a point source, and the value 
obtained for the unknown candle power will be accurate well within the 
limits of error of experimental observation. 

Not®.—The principle of the photometer is illustrated in Fig. 15. A semitrans¬ 
parent spot S is made on the white unglazed-paper scieen with a drop of melted paraffin. 
Suppose a light source Li, which lms been standardized, indirectly, with the Standard 



Fig. 15.—Illustrating the principle of the photometer. 


Light Unit at Washington, D.C., and found to have an intensit> of 1 candle in the 
horizontal diiection LiS, is placed at a distance di from the scieen on a line P, which is 
perpendicular to the plane of the screen and Mhich passes through the centers of S and 
La. The light Li is then moved backwaid and forward along P until the spot S is either 
invisible, or the least visible. When this adjustment has been made, both of the lights 
will be producing the same illumination on S. That is, the spot & intercepts the same 
amount of light flux from Li as from Li. It has been shown (Sec. 26 ) that the density 
of light flux, or the illumination, varies inversely as the square of the distance from the 
source of light. Hence if both faces of S are equally illuminated the apparent luminous 
intensity must vary as the squares of the distances. If di ** 8 ft. and dt =* 2 ft., then 
the candle power of Li = (64 4) = 16 times that of Li. Or the luminous intensity 

of Lz is 16 candles in the horizontal direction. It should be noted that the candle power 
of a light source will usually be different in different directions (see Fig. 11). 

28. Mean horizontal candle power is the average of the candle powers 
of a lamp in all directions in a horizontal plane. This term is now applied 
only to special lamps for laboratory test work. 

29. Mean spherical candle power is the average of the candle powers 
of a lamp in all directions. It is measured by putting the lamp in the 
center of a sphere photometer (Fig. 16). The sphere has a small window 
of milk glass which is shielded from the direct rays of the lamp by a 
small opaque screen. The inner surface of the sphere is painted fiat 
white for good reflection of the light. The candle power of the window 
is compared with the horizontal candle power of a standard lamp. This 
candle power must be multiplied by a constant for the particular sphere 
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to take account of the loss of light absorbed on the inner surface of the 
sphere and in the glass window. The mean spherical candle power is 
used principally with the equation of Sec. 24 to obtain the lumen output 
in which the lamp is rated. 



Fig. 16.—Spheie photometei (i General EKctric Co ) 


30. The efficiency of an electiu light source is stated in lumens per 
watt. This term is obtained by dividing the lumen output of the source 

> by the watts input. 

31. Candle-power Distribution Curves.—Since the common light¬ 
giving sources either alone or in conjunction with the reflecting equipment 
used with them do not have the same light-giving power or candle power 
in all directions, photometric graphs are employed in order to indicate 
the candle power of the source in all directions. Curves giving this 
information for a light source are called candle-power distribution curves 
or simply distribution curves. Fortunateh, most lamps or lamps with 
their reflectors have the same candle power in all directions m any one 
horizontal plane. This fact enables the candle-power in any direction 
from the source to be determined from a single distribution curve which 
gives the candle powerb in all directions in a vertical plane through the 
center of the light source. 

32. How to Read a Photometric Graph. —In the photometric graph 
of Fig 17, I, the candle power directly downward is indicated by meas¬ 
uring it off on the vertical to a given scale. Thus, XA represents the 
candle power directly below the light. Similarly the distances XB y XC, 
XD y XE, XF, and XG represent to scale candle powers around the light 
at angles above the vertical of 15, 30, 45, 60, 75, and 90 deg. Similarly 
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the candle powers above 90 deg. can be measured off to the given scale 
along lines at their respective angles. These points are then joined by a 
continuous line GFED , etc., and this line, completed for the 360 deg., is 
called the photometric distribution graph of the light source. Figure 
17, I shows such a completed photometric curve, but in practice it is 
customary to use circular lines, as indicated on Fig. 17, II, to show the 
scale to which the candle powers are plotted. The candle power of the 
light unit can be measured at as few or as many angles as necessary, 
the accuracy of the resultant graph being largely determined by the 
number of angles taken. 




I. Practical Working Graph 


Fig. 17.—Photometric graphs. 


33. The area of the distribution graph is not proportional to the amount 
of light given off. B (Fig. 66) represents a smaller total flux, by an 
amount equal to the absorption in the reflector, than does graph A, 
though it has a larger area. Such a graph as B is useful for determining 
the intensity of light at any given angle and for determining the total 
luminous output, as explained in Sec. 34. These data may be required 
for any one of a number of practical operations. 

34. The method of computing from its distribution graph the total 
flux, in lumens, emitted by a light source is this. From the distribution 
graph of any light unit, as Fig. 17, take the candle power at 5 deg. 
and multiply it by the 0-10 factor as given in Table 36. This gives 
the lumens in the 0-10-deg. zone. Similarly, to obtain the lumens in the 
10-20-deg. zone, take the candle power at 15 deg. and multiply it by the 
10-20-deg. factor as given in Table 36. The total lumens emitted in any 
large zone are obtained by adding the lumens of all the 10-deg. zones 
contained in the large zone. If the sum total of the lumens is thus 
obtained for the 0-180-deg. zone, the result is the total flux, in lumens, 
emitted by the source. 

Example .—What is the total flux emitted by a light source having a distribution 
graph as shown in Fig. 17? 
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Solution: 


Deg. 

(1) 

Candle power 

(2) 

Zone factor 

(3) 

Lumens 

(4) 

5 

100 

0.095 

9.50 

16 

98 

0.283 

27.45 

25 

94 

0.463 

43.50 

35 

84 

0.628 

52.75 

45 

66 

0.774 

51.10 

55 

46 

0.897 

41.25 

65 

33 

0.992 

32.71 

75 

27 

1.058 

28.55 

85 

26 

1.091 

28.37 

95 

26 

1.091 

28.37 

105 

25 

1.058 

26.48 

115 

24 

0.992 

23.80 

125 

20 

0.897 

17.94 

135 

15 

0.774 

11.60 

145 

12 

0.628 

7.54 

155 

8 

0.463 

3.70 

165 

4 

0.283 

1.13 

175 

4 

0.095 

0.38 




Total - 436.12 


Total flux emitted = 436.12 lumens. 

Column 2 is obtained from the graph (Fig. 17). Column 3 is obtained from Table 36. 
Column 4 is obtained by multiplying the values in Column 2 by the corresponding 
values of Column 3. 

Note.—The total flux in lumens emitted by a light source may be computed 
graphically as follows: On the candle-power distribution graph (Fig. 17) measure 
the horizontal distance between the vertical axis (0-180-deg. line) and the point where 
the candle-power graph crosses the 5-deg. line. Then lay off this distance on the 
candle-power scale to which the distribution gi aph is plotted. Multiply the value thus 
obtained by 1.1, and the result is the quantity of light flux, in lumens, emitted by the 
light source in the 0-10 deg. zone. To determine the flux in any 10-deg. zone, it is only 
necessary to measure the horizontal distance between the vertical axis and the point 
where the candle-power graph crosses the center of the 10-deg. zone under consideration, 
and then proceed as above. To obtain the total lumens emitted in any large zone lay 
off the horizontal distances between the vertical axis and the point where the candle- 
power giaph cuts the center of each 10-deg. zone contained within the large zone suc¬ 
cessively along the edge of a strip of paper. Then lay off the total length on the 
candle-power scale and multiply the result by 1.1. 

35. The mean spherical candle power (Sec. 29) of a light source may 
be determined (1) directly, by means of the sphere photometer (Sec. 29 
and Fig. 16), and (2) indirectly, by computing the total lumens from the 
distribution graph, as explained in the preceding paragraph, and dividing 
the result by 12.57. 
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Bxamjile .—What in the mean spheiical candle power of the light source, the distii- 
bution graph of which is shown in Fig, 17. 

Solution .—By example undex Sec. 34 , the total flux of the source ■* 436.12 lumens. 
The mean spherical candle power — 436.12 12.67 — 34.6. 

36. Factors to Obtain the Lumens in the 10-deg. Zones around a Light 
Source.—To obtain the lumens in any zone, multiply the candle power 
at the center of the zone by the factor for that zone. 


Degree zones 

Factoi 

Degree zones 

Factor 

0-10 

170-180 

0 005 

50-60 

120-130 

0.897 

10-20 

160-170 

0 283 

60-70 

110-120 

0 992 

20-30 

150-160 

0 463 

70-80 

100-110 

1 058 

30-40 

140-150 

0 628 

80-00 

00-100 

1.091 

40-50 

130-140 

0 774 





Window of photronic celt 



37. The foot-candle meter (sometimes called sight meter) is an instru¬ 
ment for measuring illumination directly in foot-candles. It consists 
„ ^ of one or two photronic cells connected 

to a microammeter. When light falls 
on the photronic cell a voltage is 
generated and current flows through 
the meter approximately in proportion 
to the foot-candle illumination on the 
cell. The small pocket type of meter 
is usually called a sight meter (Fig. 18). 
It has a single photronic cell and a 
single scale, calibrated in foot-candles. 
The scale is also calibrated in visual 
tasks to be done so that the meter may 
be ilsed readily by persons not familiar 
with technical terms. The meter is 
placed with the window of the photronic 
cell parallel to the plane on which it is 
desired to measure the illumination. 
Higher values of illumination (such as 
those of daylight intensity) may be measured by slipping a screen called 
a multiplier over the front of the cell. Thus, part of the light is absorbed 
by the screen, and the illumination will be the value read on the meter 
multiplied by the constant for the multiplier. 

Larger and more accurate meters (Fig. 19) have two cells connected 
in parallel to increase the current output. They also have two or three 
different resistors which can be connected in series with the meter circuit 
by use of a toggle selector switch. The dial is provided with several 
different scales to correspond to the different resistors. The light output 


Flu. 18.—The sight meter. 

{General Electric Co.) 
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of the photronic cells decreases with age and use, so that they should be 
calibrated frequently for accurate results. Calibration may be checked 
by setting up in a dark room (Fig. 20) a laboratory standard lamp whose 
mean horizontal candle power is known (Sec. 28). The voltage applied 
to the lamp must be the exact value for which it is calibrated. The cell 



Fig. 19. —The foot-candle metei. (Weston Co.) 

should be held in a vertical position about 2 or 3 ft. horizontally from the 
lamp. Then, by definition, 

Foot-candles = (3) 

where c.p. = candle-power of lamp; and S = distance from lamp to cell 
in feet. 

Foot-candle meters are usually calibrated with incandescent Mazda 
lamps and therefore are strictly 
accurate only when used with 
light from incandescent lamps. 

They may be obtained calibrated 
for use with daylight fluorescent 
lamps, however. When used 
with any other quality or color 
of light the results are good only 
for very rough comparisons, the 
accuracy decreasing as the color 
of the light is further removed 
from the color of the light for which the meter was calibrated. 

88. Glare (Fig. 21) is defined as any brightness within the field of vision 
of such character that it will cause interference with vision or eye fatigue. 


Rheostat 

*_rt 


Laboratory 

Standard 

lamp 



Voltmeter 


Photronks 

cell 

□ 


—-i 


k- s - 

Supply voftotge should be a few volts 
above the lamp rating to allow 
for rheostat adjustment 

Fig. 20.—Diagram for calibration of 
foot-candle meter. 
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Note.—Glare mat be subdivided into three different classes: (1) Direct glare 
(Fig. 21, II), which results when one looks directly at a brilliant light source. (2) 
Contrast glare, which is caused by brightness contrast. An example of this is the 
visual discomfort produced by a brilliant automobile headlight shining in the eyes on a 
dark night. The same headlight would cause no discomfort in the daytime The 
annoyance experienced at night is due solely to the contrast between the bright head¬ 
light and the dark surroundings. (3) Reflected glare (Fig. 21, I) which is produced by 
light being reflected directly into the eyes from a polished, a white, or a light-colored 
surface. Glass desk plates, highly polished furniture, glazed paper, and mirrors may 
occasion reflected glare. 



Fig. 21. —Illustrating methods of causing glare. 

39. “Brightness” is the property of lighted objects which enables 
them to be seen by virtue of the light issuing from them. Technically, 
brightness is the density of the light flux issuing or projected from a light 
source or from some illuminated surface. 

Note. —The relation between brightness and illumination. Illumination is 
the density of the light flux impinging on an illuminated surface. Just as illumination 
measures incident-light-flux density, so brightness measures issuing-light-flux density. 
It is due solely to the light issuing or reflected from things that we see them. There 
might be great illumination (incident-light-flux density) on a dead-black object in a 
room with dead-black walls, and yet that object would be invisible, because the black 
would absorb (see Table 9) all the light which impinged on it and would reflect none to 
the eye. 

40. The units of brightness are the lambert, the millilambert, the foot- 
lambert, and the candle per square inch. The lambert is by definition 
the brightness of a perfectly diffusing surface which radiates or reflects 
1 lumen per sq. cm., while the millilambert is 0.001 of this value. The 
foot-lambert is the brightness of a surface which radiates or reflects 1 
lumen per sq. ft. As its name implies the candle per square inch is the 
brightness of a surface which radiates 1 candle power per sq. in. The 
lambert and the candle per square inch are commonly used for high 
brightness such as light sources, while the millilambert and the foot- 
lambert are used for designating ordinary illuminated surfaces. 

41. The working equations for brightness computations are: 

b = 2.05 L (4) 

F - 6.45 SL (5) 

where b ** brightness in candles per square inch; L = brightness in 



Div. 9] 


ELECTRIC LIGHTING 


1349 


lamberts; F - total light flux in lumens; and S = area of the surface in 
square inches. 

Example .—A light source has a brightness of 500 c.p. per sq. in. What is its bright* 
ness expressed in lamberts? 

Solution .—By For. (4), 

L “ 2^5 “ ' 243 ' 5 iambert9 


Example .—An incandescent-lamp filament has a surface area of 0.4 sq. in. and emits 
1,580 lumens. What is its brightness in lamberts? 

Solution .—By For. (5), 


L = 


_F 

6.45S 


1,580 

6.45 X 0.4 


612 lamberts 


42. The relation between the illumination incident on and the bright¬ 
ness reflected from an illuminated surface may be understood from a 
consideration of the following facts: No surface, however smooth, is a 
perfect reflector, since some of the light flux impinging on the surface will 
be absorbed thereby. Therefore, in computing the surface brightness 
resulting from the reflection of the impinging light rays or illumination, 
the coefficient of reflection (Table 9) of the material must be considered. 
The brightness equals the illumination times the coefficient of reflection. 

Milli-L = 1.076 X E X m (millilamberts) (6) 

where Milli-Z^ = average surface brightness over the surface under con¬ 
sideration in millilamberts; E = the incident illumination on the surface 
in foot-candles; and m — the absolute coefficient of reflection (Table 9) of 
the surface material. 

Example .—A surface of ordinary foolscap paper has an. illumination of 5 ft-c. What 
is its brightness? 

Solution .—The coefficient of reflection of ordinary foolscap is (Table 9) 0.70. By For. 
(5), 


Brightness = 1.076 X E X m = 1.076 X 5 X 0.70 = 3.77 millilamberts 

43. Conversion Factors for Various Units of Brightness 


Values in units in this column X con¬ 
version factor = values in units at top of 
column 

Candles 
per sq. in. 

Lamberts 

Milli¬ 

lamberts 

Foofc- 

lamberts 

Candles per sq. in. 

1 

0.487 

487 

452 

Lamberts. 

2.054 

1 

1,000 

929 

Millilambert. 

0.00205 

0.001 

1 

0.929 

Foot-lambert. 

0.00221 

0.00108 

1.076 

1 


44. The maximum brightness beyond which glare will result (see Sec. 
38 for Glare) is specified by Ward Harrison in his “ Electric Lighting/' 
Ordinarily, the brightness of a lighting unit which is in the central portion 
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of the visual field should not exceed from 1 to 1.5 lamberts (2 to 3 candles 
per sq. in. of projected area). Higher values of brightness will produce a 
sensation of glare. If the eyes are not to be fatigued when the unit is 
viewed continually, the brightness should not exceed 0.25 lambert. It 
should be noted that the maximum permissible brightness is somewhat 
influenced by the darkness of the surroundings (see Contrast Glare under 
Sec. 38). 

46. Brightness of Light Sources 


Source Approximate LambertH 

Incandescent lamp with opal globe. 0.24 - 1.46 

Incandescent lamp inside frosted globe.. .... 7 - 15 

Fluorescent lamp, white and daylight. 1.2 - 2.6 

Fluorescent lamp, green. 2.4 - 3.6 

Fluorescent lamp, red. 0.12- 0.23 

Fluorescent lamp, pink, blue, gold. 0.83 - 1.8 

Candle flame. 1.46- 1.95 

Cooper-Hewitt lamp. 4.9 - 9.8 

Acetylene-burner flame. 29 - 50 

Vacuum-incandescent-lamp filament. 460 - 700 

GaH-filled-incandescent-lamp filament. 3,000 -4,000 

Neon tube (red). 0.24 

Neon-mercury tube (green or blue)... . 0.05- 0.1 

Mercury arc (quartz tube). 290 — 490 

Sky. 0.7 - 2.0 

Sun, on horizon. 1 ,000 

Sun, 30 deg. above horizon. 243,000 

Sun, at noon. 450,000 

Ceiling over indirect-lighting fixture. 0.01 - 0.1 

Walls when lighted by diffused daylight. 0.001- 0.05 


ELECTRIC-LIGHT SOURCES 

48. Electric-light sources may be classified as follows: 

A. Visible-light sources. 

1. Incandescent. 

2. Fluorescent. 

3. Gaseous discharge. 

а. Cooper-Hewitt mercury vapor (low pressure). 

б. Mercury Mazda (high pressure, high intensity). 

c. Sodium vapor. 

d. Neon. 

B. Ultraviolet-light sources. 

1. Sunlight lamps. 

2. Ultraviolet projection lamps. 

3. Germicidal lamps. 

C. Infrared heating lamp. 

INCANDESCENT LAMPS 

47. The incandescent lamp consists of a filament which is a highly 
refractory conductor mounted in a transparent or translucent glass bulb 
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and provided with a suitable electrically connecting base. The filament 
is heated by the passage of an electric current through it to such a high 
temperature that it becomes incandescent and emits light. In incan¬ 
descent lamps of the older types the air was, in so far as practicable, 
exhausted from the space within the bulb and s\irrounding the conductor 
(filament), forming a partial vacuum. But in many of the modern lamps 
this space is filled with an inert transparent gas—like nitrogen, for exam¬ 
ple. The conductor must have a high melting point or high vaporizing 
temperature and a high resistance; it must be hard and not become plastic 
when heated. In vacuum-type lamps the vacuum must be good, not 
only to prevent the oxidation of the filament, but also to prevent the loss 
of heat, which would reduce the efficiency. In non-vacuum-type lamps 
(gas-filled lamps) the gas used must be inert so as not to combine chem¬ 
ically with the filament material. The bulb must be transparent or 
translucent to permit the passage of light, not porous, so that it will retain 
the vacuum or inert gas, and strong to withstand handling and use. 

48. Classification of incandescent lamps according to method of 
manufacture. 

1. Mazda. 

а. Type B, vacuum. 

б. Type 0, gas filled. 

2. Non-Mazda. 

a. Manufactured by other companies under Mazda patents. 

b. Type D, manufactured by the makers of Mazda lamps. 

c. Manufactured by independent companies. 

49. Mazda lamps are lamps manufactured by the principal lamp¬ 
manufacturing companies in the United States under rigid inspection 
service maintained by the Electrical Testing Laboratories. This organ¬ 
ization, which operates the Mazda service independently of the manufac¬ 
turing companies themselves, maintains inspectors in each Mazda-lamp 
factory. After the lamps have passed the factory's rigid quality tests, 
they are subject to sampling, inspection, and test by the Electrical Testing 
Laboratones' inspector. Mazda lamps are subject to over 480 tests and 
inspections to ensure uniform quality. 

50. Mazda B or vacuum lamps are those lamps of which practically 
all air and gases have been removed from the bulbs, so that the filament 
operates in a vacuum. Practically all small lamps up to the 25-watt size 
are Mazda B lamps. 

51. Mazda C or gas-filled lamps are those which are filled with a mix¬ 
ture of argon and nitrogen gas. The presence of this inert gas retards the- 
evaporation of the filament and allows the filament to be operated at a 
higher temperature, which gives considerably higher light output with the 
same useful life. The convection currents in the hot gas carry the evapo¬ 
rated tungsten particles to the upper portion of the bulb where they are 
deposited on the relatively cooler part of the glass. The blackening of the 
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bulb thus occurs in a location which causes very little of the useful light to 
be absorbed. Lamps of the 40-watt size and larger are Mazda C lamps. 

62. Non-Mazda lamps are those which are made to sell at a lower 
price than the Mazda lamps. The type which is manufactured by com¬ 
panies licensed to use the Mazda patents and Mazda machinery and 
manufacturing methods is produced under the same conditions as are 
Mazda lamps except that they are not controlled by Mazda inspection 
men. Such lamps may be of a quality equally as satisfactory as Mazda 
lamps and usually sell for a 5 to 7 per cent greater discount on account of 
the saving in cost of the Mazda inspection service. Large purchasers 
of these lamps may use the Electrical Testing Laboratories’ service to 
check the quality from time to time. 

Type D lamps are sold by the manufacturers of Mazda lamps to meet 
the competition in the smaller sizes of lamps with those produced under 
less rigid inspection and under cheap-labor conditions. Type D lamps are 
high-quality lamps of proved efficiency and performance, but they are not 
subjected to as rigid an inspection service for defects as the Mazda B and 
C lamps. They are made in 30-watt, outside-coated, vacuum-type; 
60-watt, gas-filled, inside-frosted; and in 30/70/100- and 50/100/150- 
watt, three-lite lamps. They are very satisfactory for use in closets, 
attics, cellars, and locations where lamps are lighted for only a few 
minutes per day. Type D lamps may be recognized by the fact that they 
have the plain initialed letters of the manufacturer on the end of the bowl 
instead of the Mazda trade-mark. 

63. Lamps manufactured by companies not using the Mazda patents 
and methods are cheaper to manufacture on account of fewer inspections 
and tests with correspondingly less spoilage and rejections. Also, in 
many cases, especially in foreign countries, the wages paid to labor are 
lower. For these reasons the quality of the lamps is much less uniform, 
the lumen-per-watt efficiency may be lower, and the life is much less 
certain. For locations where the number of hours’ use per year is low the 
lower initial cost of these lamps is attractive. For the majority of loca¬ 
tions, however, the greater cost of the electricity consumed during the life 
of the lamp and the more frequent replacement of lamps make the over¬ 
all cost much greater than for Mazda lamps. With usual electric rates 
the cost of electricity consumed during 1,000 hours’ use is much greater 
than the cost of the lamp itself. Therefore, any apparent saving in the 
cost of the lamp may be lost in electricity wasted by it. From the exam¬ 
ple in Sec. 86 , note that the electricity costs about ten times as much as the 
lamp itself. 

Anyone purchasing non-Mazda lamps is advised to obtain them from a 
reliable manufacturer so as to be sure of obtaining as high a quality lamp 
as possible. He should also have the lumen output and life of sample 
lamps checked occasionally by the Electrical Testing Laboratories. Then 
from the prices paid for the lamps and from the cost of the electrical 



Div. 9] 


ELECTRIC LIGHTING 


1353 


energy he can determine whether he is saving money over the cost of 
using Mazda lamps. 

54. Classification of Mazda Incandescent Lamps.—The standard 
Mazda incandescent lamps may be classified in four different ways, 
according to: 

1. The shape of the bulb. 

2. The finish of the bulb. 

3. The type of base. 

4. The type of service. 

55. Classification According to Shape of Bulb (Fig. 22). 


Q 

A C F G PAR 

S~\ 

w y 

P PS R S T 

Fig. 22.— Bulb designations of Mazda incandescent lamps. {W estinghouse 
Electric & Manufacturing Co., Lamp Division.) 


Shape of bulb 

Designating 

letter 

Shape of bulb j 

Designating 

letter 

Standard line 

A 

Pear shaped 

P or PS 

Candelabra 

C 

Reflector 

R 

Flame shaped 

1 

Straight side 

S 

Globular 

G 

Tubular 

T 

Parabolic 

PAR 




The standard-line shape is employed for general-lighting-service lamps 
up to and including the 150-watt size. Lamps of 200 watts and larger 
for general lighting service are made in the pear shape. The other shapes 
are utilized for lamps designed for special classes of service. Lumiline 
lamps are included in the tubular classification. 
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Lamps are designated by the letter and figure as PS-30. The letter 
indicates the shape of bulb and the figure the diameter of the bulb in 
eighths of an inch. Thus, a PS-30 lamp is a lamp with a pear-shaped 
bulb with a diameter of or 3% in. 

56. Classification According to Finish of Bulb. 

1. Clear. 

2. Inside frosted. 

3. White bowl. 

4. Silvered bowl. 

5. Daylight. 

6. Inside colored. 

7. Outside colored. 

8. Colored glass. 

67. Finish of Bulbs.—Incandescent lamps may be obtained with the 
bulbs finished in several different ways as listed in See. 56. With the clear 
lamps the bulb is made of clear glass which leaves 
the filament exposed to view. Clear-bulb lamps 
are used with reflecting equipment which com¬ 
pletely conceals the lamp from view. They are 
employed in some cases with open-bottom types of 
reflecting equipment, when the units are mounted 
so high that the lamps are not in the line of vision. 
Inside-frosted lamps have the entire inside surface 
of the bulb coated with a frosting which leaves the 
exterior surface perfectly smooth. This finish 
conceals the bright filament and diffuses the light 
emitted from the lamp. Inside-frosted lamps are 
used with open-bottom types of reflecting equip¬ 
ment and m places where no reflecting equipment 
is employed. White-bowl lamps have the lower 
portion of the bulb sprayed with a white washable 
enamel (Fig. 23). This increases the size of the 
visible light source when viewed from below, re¬ 
ducing the apparent brilliancy and diffusing the 
light rays so as to reduce the danger of glare. The 
white-bowl finish is the one employed generally for lamps of larger size 
than 100 watts, when used with open-bottom types of reflectors. Sil- 
vered-bowl lamps have a coating of mirror silver on the lower half of the 
bowl, which shields the brilliant filament and forms a highly efficient 
reflecting surface for indirect lighting. The upper part of the bulb is 
inside frosted to eliminate streaks and shadows of fixture supports. 
Silvered-bowl lamps should be used only in fixtures designed for them, 
because the silvering directs the heat toward the socket assembly, which 
will therefore tend to operate at a higher temperature than with clear 
lamps. 



Fig. 23. -White- 
bowl Mazda C lamp. 
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58. Daylight lamps have a blue bulb made of a special blue-green glass. 
Noon sunlight, which is usually considered as the standard white light, 
consists of a combination of equal amounts of the three primary colors: 
red, green, and violet. The ordinary Mazda lamp produces light in which 
the red rays predominate. The blue-green glass of the bulb of daylight 
lamps absorbs part of the reddish rays emitted by the filament of the 
lamp, giving a resultant light which approaches the whiteness of noon 
sunlight. The glass absorbs about one-third of the total light emitted by 
the filament. Consequently, in order to obtain a given intensity of 
illumination of the daylight quality, it is necessary to use 50 per cent 
more wattage than would be required with clear lamps. These lamps are 
widely used for show-window and other lighting for which sunlight color 
is desirable. They are, however, being displaced by the more efficient 
and more economical daylight fluorescent lamp. 

59. Colored Bulbs (Westinghouse Lamp Co.).—Colored light may be 
produced by means of clear or inside-frosted Mazda lamps in combination 
with color accessories such as glass caps, globes, or hoods, glass plates, or 
gelatin screens, or by means of lamps with colored bulbs. 

Colored bulbs are of several varieties, i.e., “dipped” or superficially 
coated, natural-colored glass, outside coated, and inside coated. 

Superficially coated bulbs are whose which have been coated by dipping 
them into some coloring material such as lacquer. These lacquers pro¬ 
vide a transparent coating with little diffusion and are not permanent. 
After relatively short periods the coating chips and peels and hence is 
used only in cases where permanency is not a factor. 

Natural-colored bulbs are those in which the coloring material is 
introduced into the molten glass before the bulbs are blown. Although 
the color of these bulbs is permanent, they have the disadvantages of 
being nondiffusing and relatively high in price. In the bulb-blowing 
operation it is difficult to control the thickness of the bulb walls, and the 
resulting lack of uniformity causes an undesirable variation in color of 
the bulbs. 

Coatings are applied to the outside of lamp bulbs by means of an air 
gun. Such coatings are permanent in that they will not chip or peel but 
will sometimes fade slightly after having been subjected to adverse 
atmospheric conditions for long periods. 

Inside-coated bulbs, as the name would imply, are coated on the inside 
of the bulb. This process provides a coating of pleasing appearance which 
will neither chip, peel, nor fade, and as inside-coated lamps are relatively 
inexpensive they are widely used. 

60. Classification According to Type of Base (Fig. 24): 

1. Bayonet. 

2. Candelabra. 

3. Intermediate. 

4. Medium. 
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5. Admedium. 

6. Mogul. 

7. Three-contact mogul. 

8. Disk. 

9. Medium prefocus. 

10. Mogul prefocus. 

11. Medium bipin. 

12. Medium bipost. 

13. Mogul bipost. 

61. Lamp Bases. —There are in use a number of different types of 
bases for incandescent lamps (Fig. 24). Of these, the bayonet, can- 
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prefocus prelocus bipin 


| contact i 
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contact" 
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bipost 


Mogul 
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Fig. 24. —Bases for Mazda incandescent lamps. {Westinghouse Electric & 
Manufacturing Co., Lamp Division.) 


delabra, and intermediate base are used on the small-sized (miniature) 
lamps. The medium base, used on general-service lamps of 300 watts 
and less, is the most common type. The mogul base is used on sizes 
of 300 watts and up. The admedium is slightly larger in diameter than 
the medium and is used on some of the mercury Mazda lamps. The 
three-contact mogul base is used with a three-lite type of lamp. The 
disk base is used on lumiline lamps. 

The medium and mogul prefocused bases are used on certain types of 
concentrated-filament lamps, such as those for picture projection and 
aviation service, where it is desirable to have the light source accurately 
located. The medium bipin base is for fluorescent lamps. The medium 
bipost base is made in 500-, 750-, and 1,000-watt lamp sizes for use prin¬ 
cipally with indirect fixtures, where it allows a better design of fixture and 
better radiation of heat than is obtainable with the mogul-base type. 
For the very large size lamps of 1,500 watts and up for floodlighting 
service the mogul bipost is the standard. 

62. Classification of Mazda Incandescent Lamps According to Type of 
Service: 
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1. General lighting service. 

a. Clear bulb. 

b. Inside-frosted bulb. 

c. White-bowl bulb. 

d. Silvered-bowl bulb. 

2. Special lighting service. 

a. Lumiline lamp. 

b. Tubular lamp. 

c. Daylight lamp. 

d. Inside-colored bulb. 

e. Natural-colored bulb. 

/. Outside-colored bulb. 

g. Flame-type bulb. 

h. Rough-service lamp. 

3. Miscellaneous lighting service. 

a. Traffic-signal service. 

b. Three-lite lamp. 

c. Showcase reflector lamp. 

d. High-voltage service. 

e. Country-home service. 

/. Projection and stereopticon service. 

g. Spotlight and floodlight service. 

h. Street series service. 

i. Street-railway service. 

j. Aviation service. 

k. Train and locomotive service. 

l. Projector and reflector lamps. 
m. Photo service. 

63. General-lighting-service lamps are those of 110-, 115-, or 120-volt 
rating for the ordinary uses in homes, stores, offices, schools, factories, 
etc. 

64. Special-lighting-service lamps are for use in similar locations, 
but they have some special design feature, such as shape or color of bulb. 
The lumiline lamp has a long bulb 1 in. in diameter and is used for 
decorative lighting and for concealed lighting where a narrow bulb is 
required. It is being displaced by the fluorescent lamp, although the 
lumiline fixtures are still much cheaper than the fluorescent fixtures. 
The tubular lamp is shorter in length than the lumiline. 

66. Colored and tinted lamps are available in a number of different 
types (see Sec. 69). For interior use in ornamental fixtures in homes, 
clubs, lobbies, and foyers the outside-coated type is generally satisfactory, 
although the frosting may be scratched or the color removed by cleaning. 
For exterior use on exposed signs, festoons, Christmas trees, etc., the 
inside-colored type should always be used. A more attractive and more 
expensive type is made with bulbs of natural-colored clear glass. 
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Fig. 25.—Traffic sig¬ 
nal lamp. {W eating- 
house Electric X' Manu¬ 
facturing Co.) 


66. Vibration and rough-service lamps are made in 50- and 100-watt 
sizes for 110, 115, or 120 volts. They are designed for use under severe 
vibration, or shock conditions such as for mounting on high-speed 
machinery, or for extension cords in garages. 
Since they are more expensive and less efficient 
than the general-lighting-service type, their use 
should he restricted to locations where the 
general-service type has proved unsatisfactory. 

67. The traffic-signal lamp (Fig. 25) is a 
60-watt clear lamp, designed with a short light 
center length, for focusing the rays to give a 
signal indication of requisite brightness. The 
lamp is designed for a 2,000-hr. life to minimize 
replacements. It is available in 110-, 115-, or 
120-volt ratings. 

68. The three-lite lamp has two separate 
filaments in the one bulb (Fig. 26). One fila¬ 
ment consumes double the wattage of the other, 
and the filaments may be lighted separately or 
together to produce three different levels of illu¬ 
mination, namely, 50/100/150 watts, or 

100/200/300 watts. These lamps are particularly applicable to study 
lamps, reading lamps, and indirect floor lamps so that the user, with a 
single lamp, can adjust the illumination from that for decorative and 
casual use to full brilliancy for 
close seeing. They may also be 
used in stores so that daylight 
may be supplemented with an 
economical use of electric light so 
that the illumination may be 
varied to suit different occasions. 

69. The showcase reflector 
lamp (Fig. 27) is made with a 
tubular bulb with the upper half 
inside-aluminized so that it may 
be used in showcases, shelves, 
speakers’ stands, etc., in an ordi¬ 
nary socket without any reflector. 

A spring contact on the base allows 
for adjustment of the lamp in the 
socket in order to throw the light 
rays in any desired direction. 

70. High-voltage-service lamps, rated at 220, 230, 240, 250, and 260 
volts, are available for use in locations where only the higher voltage is 
available. These lamps are less rugged and less efficient than the general- 
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Id shell 
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26.—Three-life lamp. {General 
Electric Co.) 
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Spring contact 

Fig. 27.—Showcase reflector lamp. (General Electric Co.) 


lighting-service type. The reason for this is that the filament has to be 


of longer and finer wire to have sufficient 
resistance to limit the current to approxi¬ 
mately one-half the value for the same- 
wattage, general-service lamp. For this 
reason their use m any new installation 
where the lower voltage could be made 
available is not encouraged. 

71. Country-home-service lamps are 
rated for 28 to 32 volts and designed for 
operation on battery-generator sets as 
used on farms and m other places where 
central-station service is not available. 

72. Picture-projection lamps (Fig. 28) 
are for use in motion-picture and stereop- 
ticon projectors for throwing the picture 
on the screen. This lamp has a tubular 
bulb with a concentrated filament, which 
permits a high-wattage lamp to be encased 
in a small bulb. Owing to the high 
operating temperature of the filament the 
rated life is only from 25 to 50 hr. 

73. Floodlighting lamps (Fig. 29, I) are 
made with a globular bulb and a closely 
concentrated filament. This design 
facilitates locating the filament at the 
focal center of parabolic reflectors to give 
a narrow beam of light which can be pro¬ 
jected relatively long distances. Its use 
is for floodlighting of building exteriors. 

Spotlight-service lamps (Fig. 29, II) are 
similar to the floodlighting-service lamps 
except that they are made with a prefocus 
base for more accurate control and con- 



Fig. 28. —Picture-projec¬ 
tion lamp. (Westinghouse 
Electric <k Manufacturing Co.) 


centration of the light beam. Their principal use is in theaters for spot¬ 


lighting of actors on the stage. 
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I Floodlighting lamp II Spotlight 

Fig. 29. —Floodlighting and spotlighting lamps (Westmghouse Electric & 
Manufacturing Co) 


t 



Fig 30 —Streetlightmg service lamp {Westmghouse Electric & Manufacture 
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74. Street-lighting-service lamps (Fig. 30) are similar to the general¬ 
lighting-service clear lamps except that they are designed for constant- 
current operation at 6.6, 15, or 20 amp. These lamps have a rated 
laboratory life of 2,000 hr. at absolutely constant current. Their life 
under actual operating conditions of somewhat varying current is more 
apt to be 1,500 hr. or less. 

76. Street-railway-service lamps operate five-in-series on the trolley 
voltage of 550 or 600 volts, for general illumination, destination signs, 



Fig. 31.—Aviation service lamps. (W estinghouse Electric & Manufacturing 

Co.) 

etc., in streetcars. There is also a 30-volt type which has an automatic 
short-circuiting element to short the lamp out of the circuit when the 
lamp burns out. This type operates with approximately 20-in-series 
on 600 volts. 

76. Aviation-service lamps (Fig. 31) are used for airway beacons, for 
floodlighting of landing fields, and for landing lamps on aircraft. They 
are made in tubular and globular bulbs, with bipost or prefocus base, and 
for 12, 30, 32, 110, 115, or 120 volts. Airport boundary lights take a 
6.6-amp. street-lighting-service lamp described in Sec. 74. General¬ 
lighting-service lamps in the 50- and 100-watt sizes are used in obstruc¬ 
tion lights. 
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77. Train-lighting-service lamps are for use on railroad trains from a 
battery, axle-generator system. They are rated for 30, 32, 60, or 64 
volts. 
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(Westinghouse Co.) 

Fig. 32.— Reflector and projector lamps. 



78. Reflector and projector lamps (Fig. 32) are made with a parabolic- 
shaped bulb having a mirrored surface on the inside of the neck, and a 
fixed-focus filament. They can be used with a 
plain socket to form a highly efficient spotlight. 
The projector type has a lens built into the face 
of the lamp for better control of the light. 
This lamp is made of heat-resisting glass so 
that it may be used either indoors or where 
exposed to the weather. The reflector type 
has an inside-frosted glass bulb which is not 
weatherproof and does not provide so accurate 
control of the light but costs only about two- 
thirds as much as the projector type. Both 
types may be obtained in either a concentrat¬ 
ing-spotlight or a wide-floodlight type. 

79. Photo-service lamps are made in two 
types: 

1. Photoflash lamps. 

2. Photoflood lamps. 

The photoflash lamp (Fig. 33) consists of a 
bulb containing magnesium foil in an atmos¬ 
phere of oxygen. When the lamp is connected 


Fio. 

lamp. 


33.—Photoflash 
{W estinghouee 
Electric & Manufacturing 
Co.) 


to a source of voltage which may be either two flashlight cells or a 110 to 
125-volt power circuit, the foil bums with a brilliant flash lasting about 
Ho sec. 
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The photoflood lamp is similar to the regular inside-frosted incan¬ 
descent lamp except that the filament is designed to operate at a higher 
temperature. This lamp emits much more light than the general-service 
lamp for the same wattage, but its life is much shorter, for example, 
2 hr. for the smallest size to 10 hr. for the largest size. 

The photoflash lamp is used to illuminate scenes for the taking of 
photographs, whereas the photoflood lamp is used for continuous illu¬ 
mination in the taking of moving pictures. The photoflood lamp is also 
used by commercial photographers for studio portrait work and by 
amateur photographers for interior photographs. 

80. The life of an incandescent lamp ( i.e ., the useful life) is always 
understood to mean the total hours of burning before the candle power 
drops to 80 per cent of 
the initial, unless the 
lamp becomes useless 
because of broken 
filament or other cause 
prior to this. The 
total or burnout life 
of a lamp is the hours 
of burning before 
failure of the filament. 

The average life of 
standard lamps for 
general lighting pur¬ 
poses is 750 hr. for 
some sizes and 1,000 
hr. for other sizes when 
operated at their rated 
voltage. The life of 
a lamp is materially affected by the voltage impressed upon it. Operat¬ 
ing a lamp at less than its rated voltage will prolong the life of the 
lamp, while operating at higher than rated voltage will shorten its life. 
This does not mean that it is good practice to operate lamps at less 
than their rated voltage. Decreasing Ihe voltage on a lamp decreases 
the light given out by the lamp, but the percentage of decrease in light 
is much greater than the percentage of decrease in voltage, so that the 
efficiency of operation is much poorer. Figure 34 shows the percentage 
variation in characteristics of Mazda lamps with variation from normal 
voltage. Consider a 120-volt lamp operating at 114 volts. The voltage 
impressed on the lamp is 95 per cent of rated voltage. From Fig. 34 
the lumens emitted by the lamp will be reduced to 84 per cent of the 
rated value. Thus a 5 per cent reduction in voltage results in a 16 per 
cent reduction in light output. (Refer also to Sec. 86 .) 



Fig. 34.—Variation in characteristics of Mazda 
lamps with voltage, (i General Electric Co.) 
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Country-home Service—28-32 Volts 
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Projection and Stereopticon Service—100. 105, 110. 115, and 120 Volts 













100 |T-8, clear 24, C , 1,870 j 18.7 I 50 } S.C. bay. I 3 H I W 
























Street Series Service 

All street series lamps are gas-filled and have clear bulbs. All standard street series lamps have an average rated 
laboratory life of 2,000 hr.; because of the severity of street-lighting service, the average service life of street series 
lamps even under good operating conditions is of the order of 25 per cent less than the average laboratory life. 
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Av. 

light 

center 

length, 

in. 

lONNNtONStONONtOO) 

Position of 
burning 
ft 

Any* 

Any* 

Any* 

( Base up 
\ Base down 
Any 

( Base up 
\Base down 
( Base up 
\ Base down 
( Base up 
\ Base down 
Base up 

Max. 
over-all 
length, in. 

a 

m W\ IJ\ W\ WV W\ 

b* O Oi Cft Oi O) G> 01 CO 

Base 

Mog. 

Mog. 

Mog. 

Mog. 

Mog. 

Mog. 

Mog. 

Mog. 

Mog. 

% lumens 
at 70 per 
cent of 
rated life 

100 

100 

98 

95 

95 

94 

91 

85 

80 

Rated 
initial 
lumens 
per watt 

16 0 

17.5 

18.5 

19 5 

18.7 

20.1 

20.0 

20.1 

20.6 

Av. 

watts 

62 5 

142 9 
216 2 

205 0 

320.9 

298.5 

500.0 

746.3 

1,213 6 

Av. 

volts 

9.5 

21.6 

32.8 

13.7 

48.6 

14.9 

25.0 

37.3 

60.7 

Std. 

pkg. 

quan. 

<5 CN CN Csj »-« r-t 

Bulb 

S-24M 

PS-35 

PS-35 

PS-35 

PS-40 

PS-40 

PS-40 

PS-40 

PS-52 

Rated 

initial 

lumens 

1,000 

2,500 

4,000 

4,000 

6,(too 

6,000 

10,000 

15,000 

25,000 

Amp. 

6.6 

6.6 

6.6 

15 

6.6 

20 

20 

20 

20 


•Over-all length is measured from top of bulb to bottom of base. 

b Light center length is measured from the center of the filament to bottom of screw bases; top of base pins or fins of bayonet or pre¬ 
focused bases; shoulder of post of mogul bipost bases; and bottom of bulb (base end) for medium bipost bases. 

• Will operate in any position, but lumen maintenance is best when burned vertically, base up, and the percentage ot lumens at 70 per cent 
of rated life apply to this burning position only. 




Projector and Reflector Lamps—110, 116, and 120 Volts 



° Readings taken at distance of 10 ft. 

b Over-all length is measured from top of bulb to bottom of base. 

* Should be burned only in porcelain sockets. 

d May not give satisfactory performance if any accessory lighting equipment is attached to, or touches, the glass bulb. 




The above lamps are fitted with medium screw base except photoflood No. 4, which has mogul screw’ base. 

Use not more than fi\e photoflood lamps No. 1 on the usual lighting circuit. Circuits for photoflood lamp No. 4 should be fused for 1C 
►. for each No. 4 lamp employed. 





. Type D Lamps 
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4 Inside frosted or outside colored in red, blue, green, amber-orange, rose, white, ivory, and flame tint. 
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86. Voltage of Lamps. —Most sizes and types of incandescent lamps 
are regularly made and stocked for three different voltage ratings: 110, 
115, and 120 volts. Lamps may be obtained on special order with some 
delay in delivery but with no increase in price for 105, 125,* and 130 
volts. Certain sizes are also made for other voltages as listed in Table 83. 
The correct voltage rating should be considered carefully when ordering 
incandescent lamps. From Sec. 80 it is apparent that it is important 
not to operate lamps at less than their rated voltage. In fact if the 
desired number of lumens falls halfway between two standard sizes of 
lamps it is usually cheaper to use the smaller size lamp at about 5 volts 
overvoltage than to use the larger size at rated voltage. 

Example .—The desired number of lumens per lamp is 4,500. Compare the cost of 
using 300-watt, 120-volt lamps at rated voltage with using 200-watt, 115-volt lamps at 
120 volts. Assume that the increment cost of power (the cost of the lowest block at 
which the power will be billed) is 1 ct. per kw.-hr., that a 200-watt lamp costs SO.20 and 
a 300-watt lamp costs $0.50 and that the demand charge is $1.50 per kw. per month. 

The 200-watt lamp will be operated at ( 12 9iis) X 100 per cent = 104.2 per cent of 
rated voltage and will therefore draw approximately 104 per cent of rated current and 
consume (104 per cent) 2 =» 108.5 per cent of rated watts. The life will be shortened 
(from Fig. 34) to 60 per cent of the normal life. Assume 1,500 hr. of use per year. 


Item 

300-watt lamp at rated 

200-watt lamp at 104 per 

voltage 

cent of rated voltage 


1 H X $0.50 = $0.75 

3H X $0.20 — $0.67 

• 

Cost of energy for 1,500 hr... 


X 0.01 = $4.50 

X 1,500 X 0.01 = $3.25 

Demand charge for 12 months. 

0.3 X $1.50 X 12 = $5.40 

0.217 X $1.50 



X 12 » $3.90 

Total. 

$10.05 

$7.82 

Lumens. 

5,650 

1.16 X 3,700 = 4,300 


Therefore, the smaller sized lamp will produce 4,300/4,500 or about 95 per cent of the 
desired lumens, which would probably be sufficient, at a saving of $2.83 per year per 
fixture over using the larger sized lamp. In addition, the installation cost could be made 
less owing to the use of smaller sized fixtures, the 200-watt size costing about 15 per cent 
less than the 300-watt size. 


FLUORESCENT LAMPS 

86. The fluorescent lamp (Fig. 35) consists of a long tubular bulb, com 
taining a drop of mercury and a small amount of argon gas, with filaments 
sealed in each end to form two electrodes (Fig. 36). The inside surface 
of the tube is coated with a fluorescent chemical (Table 87). The princi¬ 
ple of operation of a fluorescent lamp may be understood from a study of 
the schematic diagram of Fig. 36. This figure shows the simplest con¬ 
nections which it is possible to employ for operation of these lamps. A 
reactor, connected in series with the lamp, is always required for starting 
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and stabilizing the operation. Switch 8 is an automatic starting switch 
which is in its closed position when no current is passing through the 
circuit. Each lamp must be supplied with its individual ballast reactor 
and starting switch. When the circuit switch is closed, the two filaments 



Fig. 35.—Fluorescent lamp, (i General Electric Co .) 


are connected in series through switch S to the supply voltage. No cur¬ 
rent will flow through the lamp between the filaments, since this path is 
short-circuited by switch 8 and also the argon gas is not in a conducting 
state when the filaments are cold. Current flows through the filaments, 
heating them to the proper temperature and vaporizing the mercury. 
After a few seconds, switch S Reactor 


automatically opens, breaking 
the circuit and causing the 
reactor to produce a high induced 
voltage between the two fila¬ 
ments. This strikes an arc 
through the argon gas and the 
mercury vapor, the purpose of 


Circuit 

switch 


k 


£ 


Filament 


~d>- 


3 


“ n t j 

Fig.' 36.—Circuit for fluorescent lamp. 

the argon being to facilitate the starting of the arc. The mercury-vapor 
arc produces a large amount of ultraviolet radiation which impinges on 
the fluorescent chemicals on the inside of the tube, causing them to 
fluoresce and emit a brilliant light, the color of which may be pink, 
gold, green, or blue, depending on the chemical used (see Table 87). 
By combining chemicals, a white light or a blue daylight may be 
obtained. Data on fluorescent lamps are given in Sec. 88. Since these 
lamps are a new development, new sizes are being continually added 
to the line. 


87. Data on Fluorescent Chemicals 

(In addition to the phosphor, manganese is usually present as an 
activator) 


Phosphor 

General color 

Exciting 

range® 

Sensi¬ 

tivity 

peak 

Emitted 

range 

Emitted 

peak 

Calcium tungstate. 

Blue 

2,200-3,000* 

2,720 

3,800-7,000* 

4,400 

Magnesium tungstate.. 

Blue white 

2,200-3,200 

2,850 

3,800-7,200 

4,800 

Zinc silicate. 

Green 

2,200-2,960 

2,537 

4,500-6,200 

5,250 

Zinc beryllium silicate. 

Yellow white 

2,200-3,000 

2,537 

4,500-7,200 

5,950 

Cadmium silicate. 

Yellow pink 

2,200-3,200 

2,400 

4,300-7,200 

5,950 

Cadmium borate. 

Pink 

2,200-3,600 

2,500 

4,000-7,200 

6,150 


* 2,200 A is lower limit of measurements. 

* The angstrom unit, used to measure wave length of radiation, is 1/100,000,000 cm. 
in length. 









. Dimensions and Electrical Data for Fluorescent Lamps—Lumen Outputs and Brightnesses 



a Add auxilian watts for total 

6 This lamp operates on direct current obtained b\ rectification m the auxiliary 
c Under SDecihed test conditions 
4 Lumen ratings apph at end of 100 hi of u'-e 
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89. The advantages of the fluorescent lamp over the incandescent 
lamp are: 

1. The lumen-per-watt efficiency is considerably greater than that for 
incandescent lamps, especially in the green and blue colors. This permits 
much higher levels of illumination for the same or less expenditure for 
power. 

2. For the same amount of light the power consumption in watts and 
therefore the heat generated by the white and the daylight types is only 
about one-third that for incandescent lamps. For air-conditioned inte¬ 
riors this low heat dissipation affords considerable saving in installation 
and operating costs for the air-conditioning equipment. 

3. The lamps operate at a temperature of only 100 to 120°F. and are 
therefore comparatively cool to the touch. The low heat radiation is an 
advantage in lighting display cases, especially where they contain perish¬ 
able goods such as candy, flowers, fruits, and vegetables. 

- Daylight fluorescent mat da lamp* 
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2. There is a time delay when the lamp is turned on, and it may be 
necessary to wait for the switch to cool down, when the lamp is turned off, 
before it can be turned on again. 

3. The noise or hum produced in the reactor may be disturbing in very 
quiet locations. 

4. There is a reduction in light output twice each cycle when the cur¬ 
rent wave passes through zero (Table 91). This produces a flicker and 
may cause a dangerous stroboscopic effect when lighting moving machin¬ 
ery. This may be alleviated by combining two or three lamps in a 
fixture and wiring them on different phases of a two- or three-phase 
system. There is also available a tulamp auxiliary which puts a capacitor 
in series with one of the lamps so that its current will be out of phase with 
the other one. The current waves will then go through the zero point at 
different times. The 85-watt lamp gives a steady light output by using 
direct current rectified from the a-c line. 

5. The power factor of the cheaper auxiliary—the ordinary reactor 
type—is low, about 0.5. This may be avoided by using a capacitor type 
of auxiliary. 


91. Flicker 0 of 16-watt Fluorescent Lamps 

(Operated with reactors on 115-volt, 60-cycle circuits) 


Blue 

95 II Green 

20 | Red I 

10 

Daylight 

70 

Gold 

30 1 Pink 

20 I White | 

35 

Daylight (tulamp auxiliary) 

25 


* Percentage deviation fioin mean light output. 


92. Auxiliary Equipment.—Each fluorescent lamp requires the follow¬ 
ing auxiliary equipment: (1) ballast reactor, (2) automatic starting 
switch, (3) transformer if the line voltage is not the correct value for the 
lamp to be used, and (4) in the case of d-c operation only, a resistor. In 
addition to the above auxiliaries, a capacitor may be employed for power- 
factor improvement. The characteristic of the mercury arc in the tube 
is that of a varying unstable resistance which requires a high voltage to 
start the arc. The purpose of the ballast reactor is therefore twofold: 
to provide a high starting voltage for striking the arc and to stabilize the 
operating impedance of the circuit in order to maintain the operating 
current at a steady value. 

93. The automatic starting switches are of 3 types: (1) glow, (2) 
thermal, and (3) magnetic. 

The neon glow switch (Fig. 38) contains neon gas and two bimetal 
electrodes which serve as switch contacts. When the circuit switch is 
closed, the full circuit voltage is impressed on the glow switch. The 
neon gas becomes ionized, and current flows through a glow discharge 
between the bimetal electrodes which become heated and close the circuit. 
The closing of the electrode contacts causes the glow discharge to cease, 
and the electrodes cool and separate, opening the circuit. This starter 
is the standard type for a-c service but cannot be used on d-c circuits. 
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The thermal switch operates on the principle of a bimetallic strip 
which is heated by a coil in series with the line current. The heat from 
the coil causes the strip to bend and break the circuit connecting the two 
filaments. This operation requires several seconds so that there appears 
a considerable time lag after the circuit switch is closed before the lamp 
lights. A considerable time interval is required for the metallic strip 
to cool after the lamp is turned off. Therefore the lamp cannot be 
turned on for a fraction of a minute after toning it off. 



I-Starter socket H- Glow switch 

(General Electric Co.) 


Aluminum 
Casing 

'Glow switch 
hermetically 
sealed in 
glass casing , 

Bayonet-lock, 
£X.* contacts 

HI- Cutaway view of glow switch 
(Westinqhouse Elec.et Mfg. Co.) 


Condenser across ... 
starter contacts 
to eliminate 
radio interference 



Fig. 38.—Glow switch starter. 


The magnetic switch operates on the principle of the attraction of an 
iron armature to the poles of an electromagnet when current flows in the 
coils of the magnet. When the circuit switch is closed and current flows 
through the filaments of the lamp and through the coils of the magnet, 
the magnetic switch vibrates, making and breaking the circuit rapidly 
until the arc in the tube strikes and maintains a steady value of current 
which then holds the switch open. This magnetic switch is quick acting, 
but its higher cost has prevented its general acceptance. The thermal 
and the magnetic switches were used for all fluorescent lamps before the 
introduction of the glow switch but are now used only on d-c applications. 

94. Capacitors.—Since the ballast reactor used with the lamps gives 
an over-all power factor of only 0.5 to 0.6, the installation of any con¬ 
siderable number of these lamps would require a virtual doubling of the 
wire and distribution-transformer rating in the circuits supplying them. 
For this reason many power companies have adopted rules and several 
states have passed laws limiting the minimum power factor permissible 
in fluorescent-lamp installations. 

Capacitor auxiliaries may be used in two ways to provide a higher 
power factor: (1) Where the lamp circuits can be arranged in pairs the 
tulamp auxiliary, which has a capacitor in series with one of the lamps, 
will give a power factor between 0.9 and 1.0. This has the further advan¬ 
tage of reducing stroboscopic effect and flicker as explained in Sec. 90. 
(2) A large capacitor may be connected across a circuit supplying several 
lamps. By this method practically any desired power factor may be 
obtained, depending on the microfarad rating of the capacitor and the 
number and size of lamps with reactor auxiliaries connected to the circuit 
(see Table 95). 
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96. Capacitors 






Number of lamps for which 
the capacitor will correct to 





the following 

power 

factor 



Eating, 

microfarads 

Lamp 

80 per cent 

90 per cent 





Ther- 

Mag- 

Ther- 

Mag- 





mal 

netic 

mal 

netic 



17 5 | 

40-watt T-12 

7 

7 

5 

6 



30-watt T-8 

6 

8 

5 

7 



20-watt T-12 

9 

9 

6 

6 



28.0 < 

15-watt T-8 

7 

8 

5 

6 



l 

15-watt T-12 

6 

7 

5 

6 


One of these eapacitois will 
correct one lamp to the fol¬ 
lowing power factors 



Thermal 

Magnet tc 

tfggL 

4 75 | 

20-watt T-12 
15-watt T-8 

15-watt T-12 
30-watt T-8 
30-watt T-8 
40-watt T-l 2 
40-watt T-12 

90 

84 

80 

81 (leading) 
86* 

93 (leading) 
91“ 

92 

92 

88 

74 (leading) 
98“ 

96 (leading) 
94“ 


• Two capacitors for three lamps. 


96. Autotran8formers with a ratio of 115 230 volts are available to 
step down the voltage so that the lamps which require 110 to 125 volts 
may be used with a 230-volt circuit, or so that the 30-watt and larger 
lamps which require 200 to 250 volts may be used on a 115- or 120-volt 
circuit. 

97. A resistor must also be used on d-c circuits in series with the reactor 
since the reactor does not offer sufficient resistance to direct current to 
hold the arc current steady. The reactor cannot be eliminated with 
direct current, however, as it is still needed to supply the momentary 
high voltage to start the arc when the lamp is first turned on. 

98. Circuits for the several types of fluorescent-lamp auxiliaries are 
shown in Fig. 39 with illustrations and data in Sec. 99. For lamps whose 
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voltage rating is the same as the circuit voltage the ones shown in Fig. 
39, I and III, are used. The ballast, including the equipment shown 
within the dash line, is made up as a unit assembled inside a single metal 


Black , 



Ballast 


Lamp fST— 

-<D-J 


For 15 and 20 watts, HO 125 volts 
30 and 40 watts,199 216and 220 2S0 volts 
I* Single lamp low power factor type 


Capacitor 

.... j. Ballast 

White r - Red 



For H> and 20 watts HO 125volts including 
m fegrat starting compensator 
JH'Tulamp.high power factor type 


Black r 

Ballast 


\ 


While 

L. 

•* ^vaaam/^amaa/" - " j " | 


7HZ 

L amp 

Line 

LT 

<D -^ 


For 30 and40 watts HO 125volts 


Black 


Ballast 


Red 



Starting 

compensator 


For 30 and 40 watts, HO 125, 
199 2/6 and 220 250 volts 


H Single lamp oiutotransformer IV-Tutamp,high power factor type,showing 

low power factor type separate starting compensator 

Fig 39.—Cn ouits foi fluoi escent lamps and auxiliaries, (<General Electric Co,) 


casing. The automatic switch S is a separate unit. The circuit of 
Fig. 39, II, shows the autotransformer which is required to increase the 
circuit voltage when using the 30- and 40-watt lamps on 110- to 125-volt 
circuits. The one shown m Fig. 39, IV is required with two 30- or 


Fluorescent material 
coating on inside wall 


Electrode 

Starter acct _ 
for replacement 


*-<y 

Starter accessible 




R e a c t o r 

Lamp * ut 

holder Line l/Sv 

* 

/ftQfCRfnziM tftf pcc wwwy 



Automatic starting 
switch 

Fig. 39A.—Assembly of fluorescent lamp, starter, and reactoi. 


40-watt lamps On the tuiamp types of Fig. 39, III and IV note the 
capacitor in scries with one of the lamps. Figure 39.4 shows the com¬ 
plete assembly and circuit of lamp, automatic starting switch, and 
reactor. 
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99. Fluorescent Lamp Auxiliaries 

(General Electric Co.) 



Lamp 

watt¬ 

age 

Circuit 

voltage 

Size, in. 

Wt., 

lb. 

Approx. 

loss, 

watts 

Approx. 

power 

factor 

(lag¬ 

ging) 

Thermal Switch Type—60 Cycles 


15 j | 
20 / 

30 

110-125 

220-250 

1 Ho XlKX 4 H 

1 He X 1 H X f>K 

}« 

1^2 

5.5 

9.0 

0.55 

0.60 


30 

40 

40 

110-125 
220-250 ) 
199-216 ) 

IKo X 2H X8«Ji« 
W* Xi HX GH 

2H 

lXi 

10.0 

12.0 

0.55 

0.60 


40 

110-125 

1^2 x 2 X X 8^8 

2X 1 

13 0 

0 60 

1 

j 50 Cycles 

15| 

20 J 

30 

40 

110-125 

220-250 

220-250 

1H« X IK X 6K 

W. X IK X8>M. 
w* x m x8 i Kb 

IX\ 

2«| 

7.0 

13.0 

16.0 

0.55 

0.60 

0 5 


Recommended High Power-factor Tulamp Ballasts—60 Cycles 


. 

2-15 

110-125 

IK, X X 14K 1 

3« 

9 

95-100 

- _ mimmmu 

2-20 

110-125 

1^2 

X 2 X X MX 

3^8 

9 

95-100 


2-30 

110-125 

2H 

X3X X 9X 

7 

12K 

95-100 

« PC2SPH 2 

2-30 

199-216 

2% 

X 3X X 9H 

7 

10 

95-100 

2-30 

220-250 

2U 

X 3K X 9% 

7 

10X 

95-100 


2-40 

110-125 

2 H 

X3X X 9X 

7 

17X 

95-100 

=nw-' 

2-40 

199-216 

2H 

X3X X 9X 

7 

13X 

95-100 


, 2-40 

220-250 

2H 

X3X X 9X 

7 

MX 

95-100 










2-100 

110-125 

2H 

X 3X X 19X 

15H 

37 

95-100 


50 Cycles 


2-15 

110-125 

1J*3 

X 2X X 17H 

3X 

10 

95-100 


2-20 

110-125 

1^2 

X 2X X 17X 

3X 

10 

95-100 


2-30 

119-125 

2 H 

X 3X X 9X 

7X 

15 ! 

95-100 


2-30 

220-250 

2% 

X 3K X 9K 

7X 

13 

95-100 


2-40 

110-125 

2 H 

X3XX 9X 

7 X 

18X 

95-100 


2-40 

220-250 

2% 

X3XX 9X 

7X 

15 

95-100 


2-65 

110-125 

2 H 

X 3 «X 14K« 

UX 

26 

95-100 


2-100 

110-125 

2% 

X3XX 19K ' 

15X 

37 

95-100 


| Starting Compensator* 


1 . 

1 . 

1 IK, X IK X 4 K 

1 «l 

1 


a Starting compensator necessary for 30- and 40-watt Tulamp Ballasts (see Fig. 39, IV). 
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100. The temperature of the bulb has a decided effect on the efficiency 
of the fluorescent lamp (Fig. 40). The best efficiency occurs at 100 to 
120°F., which is the operating temperature corresponding to an ambient 
room temperature of 70 to 80°F. The efficiency decreases slowly as the 



Fig. 40.—Effect of bulb wall temperature on the efficiency of the fluorescent 

lamp. 


temperature is increased above normal but decreases very rapidly as the 
temperature is decreased below normal. For this reason the fluorescent 
lamp js not satisfactory for locations where it will be subject to wide 
variations in temperature. This 
reduction in efficiency with low 
surrounding air temperature 
may be minimized by enclosing 
the lamp within a clear glass tube 
so that the lamp will operate at 
more nearly its desirable tem¬ 
perature (Fig. 41). 

101. Variations in line voltage 
produce less effect on fluorescent 
lamps than on incandescent 
lamps, the phase relationship 
between line voltage, lamp volt¬ 
age, and auxiliary voltage being 
such that the lamp voltage varies 
inversely as the square root of 
the line voltage (Fig. 42). For 
this reason, fluorescent lamps 
are rated for a nominal circuit 
voltage of 110 to 125, and the 



•Oh 


. '*IS waff 7S lamp enclosed m 
^ '!/%> inch glass tube correction J 
has been applied to compensate for I 

t _I tube absorption, so the data represent I 

actual lamp output. Draff provided 
by fan near lamp | | | | 

'0 10 20 30 40 50 60 70 80 90 

Surrounding air temperature, 0 ?. 

Fig. 41.—Effect of surrounding air 
temperature on the efficiency of the 
fluorescent lamp. 


auxiliary is designed for 118 volts, instead of 110, 115, or 120 volts as in 
the case of incandescent lamps. Line voltage less than 110 may make 
the starting of the arc uncertain; over 125 volts may overheat the 
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auxiliary. Line voltages less than 110 or greater than 125 will decrease 
the life of the lamp. Although auxiliaries are available for operating 
the lamps on 220- to 250-volt and 199- to 216-volt systems, there is no 
advantage in using these voltages, and it is expected that 110- to 125-volt 
operation will become practically standard. 



Line voltage for nominal 115,230 md 208 volt circuits 


Fig. 42.—Effect of variation of line voltage on the operating characteristics 
of fluorescent lamps. 


GASEOUS-DISCHARGE LAMPS—GENERAL 

102. Light is produced by gaseous-conduction methods (General 
Electric Co.) when proper energy transitions result from electron dis¬ 
placement within the atomic structure of the gas involved. Applied 
voltage at the electrodes gives acceleration to free electrons which, in 
the course of their travel, strike atoms and displace electrons from their 
normal atomic positions. Radiations of a particular wave length result 
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as the displaced electrons return to their normal position in the atomic 
structure; this wave length depends on the gas used and the degree of 
electron displacement. 

Once the discharge begins, the enclosed arc becomes a light source 
with one electrode acting as a cathode and the other as an anode. The 
electrodes will exchange functions as the supply changes polarity. This 
principle is employed in mercury-vapor, sodium-vapor, and neon lamps. 

MERCURY-VAPOR LAMPS FOR GENERAL ILLUMINATION 

103. Mercury-vapor lamps (visible-light type) are of two types: 

1. Cooper-Hewitt. 

2. Mazda H. 

a. H-l. c. Tl-(> 

b. H-2. d. H-9 

The essential difference between the Cooper-Hewitt and the Mazda 
H lamps is m the gaseous pressure at which they operate, the Cooper- 
Hewitt being a low-pressure lamp and the Mazda H a high-pressure one. 

104. The quality of light from a mercury-vapor lamp is peculiar. It 
contains no red rays and has a peculiar bluish-green color, which greatly 
distorts the color values of objects viewed by it. For work in which it 
is not necessary to distinguish color values, two advantages are claimed 
by the maker: (1) Owing to the absence of red rays, it is easy on the eyes, 
since these rays are the least effective in producing vision and, owing 
to their heating power, are irritating and fatiguing to the retina. (2) 
The approximately monochromatic nature of the light promotes acuity 
of vision, i.e., objects are seen more sharply and details are more easily 
discernible than by white light. The lamps are chiefly useful for draft¬ 
ing, photography, and for lighting large manufacturing areas. For 
certain services, tin-plate inspection for example, there is no other 
light which will disclose imperfections which the mercury-vapor light 
reveals readily. 

105. The Cooper-Hewitt mercury-vapor lamp consists of three 
essential parts: the tube or light-giving part, the reflector, and the 
operating mechanism. 

The tube (Fig. 43) is of clear glass 1 in. in diameter and 50 in. long, 
with electrodes at each end and containing a small quantity of metallic 
mercury. The air is exhausted and the tube then sealed. The mercury 
is held in the large bulb at one end of the tube, and serves as the negative 
electrode, the tube being always so suspended that this bulb is the lowest 
part of the tube. The positive electrode is a small iron cup at the other 
end of the tube. The current is conveyed to the electrodes through plati¬ 
num wires sealed in the glass. The current, passing from the positive 
electrode to the negative, vaporizes some of the mercury and causes the 
vapor to become luminous. 
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The tube is mounted in a metal reflector, coated on the underside with 
white enamel. The reflector (Fig. 43) extends over the full length of the 
tube and down the sides to a point 18 deg. below the center line of 




Fig. 44. —Cathode (negative) 
connections of Cooper-Hewitt 
lamp, showing reflector in normal 
position. 



Fig. 45.—Anode (positive) con¬ 
nection of Cooper-Hewitt lamp, 
showing reflector rotated 20 deg. 


the tube. The mercury-vapor lamp produces direct illumination. The 
reflector may be adjusted for three different positions. The standard 
position (Fig. 44) is with the reflector directly over the tube with its sides 
extending down the same amount on each side below the center line of 



Div. 9] 


ELECTRIC LIGHTING 


1389 


the tube. The reflector may be rotated 20 deg. either to the left or to 
the right (Fig. 45). This rotation of the reflector does not change the 
shape of the light-distribution curve but simply rotates the complete 
curve 20 deg. to the left or right about the light center. This feature 



is useful in cases where illumination on vertical surfaces is of great 
importance. 

The operating mechanism consists of the stabilizing coils and the 
mercury starting switch or shifter. An assembled mercury-vapor lamp 
is shown in Fig. 46. 



Fig. 47.—Showing essential di¬ 
mensions and layout of lamp 
suspension for Cooper-Hewitt alter¬ 
nating-current lamp. 



Fig. 48. —Showing essential di¬ 
mensions and layout of lamp 
suspension for Cooper-Hewitt 
direct-current lamp. 


Cooper-Hewitt lamps may be obtained for operation on direct current 
or alternating current. The principal characteristics are given in Table 
106, and the dimensions are shown in Figs. 47 and 48. 
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106. Specifications—Cooper-Hewitt Industrial Lighting Units 


Characteristic 


('ode No , standard unit 

Voltage range j 

Total average watts pel lamp 
Average line amp 
Powei factor, per cent 
Candle powei, mean hennapheiiral with 
eurved 1 efleetoi 

Rated total lumena, lower heiniapheu 
Lumens per watt, lower hemisphere 
Light aouiee, diam. 1 in 
Frequency .... 

Special unita available foi 


Alternating cut rent 

Dnect current 

160-H9WL1 

260-HOWL 1 

110-H9WL1 

Connections foi 

) 

9.5-100-111 

100-200-222 

!• 100-110-125* 

103-110-121 

206-220-242 j 

112-120-130 

224-240-260 

) 


450 

j 450 

1 385 

4 65 

' 2 3 

3 5 

88 

1 88 


000 

900 

800 

5.600 

5,600 

5,200 

12 5 

12 5 

13 4 

50 m. long 

50 in. long 

50 in. long 

60-50 <*\ cle 

60-50 e\ cle 


25-40 « \ i le 

25-40 c> cle 



Starting Resistance 


“ Automatic regulation. 

107. Operation of D-c, Mercury-vapor Lamps. —The wiring diagram of 
a d-c, mercury-vapor lamp is shown in Fig. 49. The main circuit of the 

lamp (Fig. 49) is from 
the positive side of the 
line to 1 and 2, through 
the tube to 3, to 4, 
through the shifter 
inductance coils to 5, 
through the stabilizing 
resistance, and back to 
the negative side of the 
line. The mercury 
starting switch or 
shifter in series with 
the starting resistance 
is connected in parallel 
with the tube across 
the line. When the 
line switch is open, the 
mercury starting 
a position that the mercury in its tube forms a 
two terminals of the switch. When the 



Positive (•*■) or 
/inode Terminal 


Negatived) or' 


Fig. 


Cathode Terminal 

49. -Wiring diagram of a dnect-current 
Cooper-Hewitt lamp. 


switch is in such 
closed circuit between the 
line switch is closed, no current will flow at first through the tube 
of the lamp since the mercury is cold, and there is no mercury vapor 
in the tube to start the arc. Upon closing of the line switch there is, 
however, a closed circuit from the positive side of the line to 1 and 6, 
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through the starting resistance to 7, through the starting switch to 4 , 
through the shifter inductance coils to 5, through the series resistance to 
the negative side of the line. The starting band of the tube is connected 
across the two terminals 7 and 4 of the starting switch. The current 
which flows through the starting switch and shifter inductance coils 
energizes the magnets of the inductance coils so that the starting switch is 
rotated. This rotation of the starting switch breaks the mercury contact 
inside the switch. This interruption of the current produces a momen¬ 
tary high induced voltage on the starting band of the lamp tube. The 
high induced voltage forms a “hot spot” of electric discharge on the mer¬ 
cury pool in the lamp tube, vaporizes some of the mercury, and allows cur¬ 



rent to pass through the lamp tube from the positive side of the line to 1 
and 2, through the tube to 3 and 4, through the shifter inductance coils to 
5, and through the stabilizing resistance to the negative side of the line. 
If the shifter-current interruption does not at first start the lamp, the 
above operations are repeated, until the lamp is lighted. As soon as 
the lamp lights, the main current flowing through the shifter inductance 
coils holds the mercury starting switch in its open position. 

108. Operation of A-c, Mercury-vapor Lamp.—The mercury vapor in 
the tube of the mercury-vapor lamp will allow current to pass through the 
tube in only one direction. In order to give steady and efficient operation 
on alternating current, mercury-vapor lamps are provided with two 
anodes connected in series with stabilizing resistances to the outside sec¬ 
ondary terminals of an autotransformer, whose primary terminals are 
connected to the a-c supply circuit (Fig. 50). The center point of the 
autotransformer secondary is connected through the shifter inductance 
coils to the cathode terminal of the tube. The primary circuit of the 
transformer is always 1, 0, 2. During one half cycle the secondary cur- 
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rent flows from 0 through the shifter inductance coils to 7, to 10, through 
the tube to 5, through the stabilizing resistance to 2, and back to 0. 
During the other half cycle the secondary current flows from 0, through 
the shifter inductance coils to 7, to 10, through the tube to 6, through 
the stabilizing resistance to 1, and back to 0. The current thus flows 
through the tube always in the same direction throughout the complete 
cycle of alternating current in the primary circuit of the transformer. 
The lamp is started by means of the auxiliary mercury starting switch in 
the same general manner as the d-c lamp. 


109. Maintenance Table for Cooper-Hewitt D-c Lamps 


Trouble 

Cause 

Remedy 

Tube does not stait 
but flashes white 
between electrodes 

1. Tube may be a poor stalter 

2. There may be a poor oi loose 
contact in the auxiliary, at the 
lamp terminals, in the separa¬ 
ble connector, at the line 
switch, or in the block fuse 

1. Shake the tube slightly 

2. Rotate the tube slightly in 
clamps until negative tip is 
changed a little, not more than 
J- 2 -in. from the normal posi¬ 
tion 

3. Examine vacuum 

4. Examine the auxiliaiy 

switch, fuse block, and separa¬ 
ble connector for poor contact 

Tube does not start 
but flashes red 

Vacuum is impaired 

Tube must be replaced 

Tube does not start 
or flash, but shift ei 
operates 

1. Vacuum of shifter is im¬ 
paired, and it flashes led, or 
mercury mirrors the inside 

2. Vacuum of tube is impaired 

3. Impaired insulation 

4. Tube static due to nearby 
belts or fiiction of the mer¬ 
cury in a tube handled and not 
since operated 

I . _ . 

1. Replace shifter 

2. Replace tube 

3. If impossible to locate and 
remedy, return auxiliary for 
repairs 

4. Ground belts by means of 
grounded metal belt combs 
and wipe lamp tube with a wet 
cloth 

Tube does not light, 
and shifter does not 
operate 

1. Shifter sticks in its ports 

2. Resistance unit is burned 

out 

3. Electric supply is interrupt¬ 
ed in either the main or the 
shifter circuits 

1. Inspect shifter 

2. Replace resistance unit 

3. Look for cause of interrup¬ 
tion in circuit, switches, and 
fuses, using a voltmeter or test 
lamps 

Lamp runs above nor¬ 
mal candle power 
and tube blackens 
quickly 

1. High lamp current because 
of high voltage 

2. Defective resistor 

1 

1. Measure line voltage; if 
above 125 volts, correct 

2. Examine resistor and replace 
if necessary 

Lamps run below nor¬ 
mal candle power, 
flicker, or drop out 

1. Supply voltage is too low 

2. Poor contact in some electri- 
cal connection 

1. Ascertain exact line voltage 

2. Inspect all electrical con¬ 
nections in auxiliary and to 
lamp tube 
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110. Maintenance Table for Cooper-Hewitt A-c Lamps 


Trouble 

Cause 

Remedy 

Tube does not start 
but flashes white 
between electrodes 

1. Tube may be a poor starter 

2. There may be a poor or loose 
contact in the auxiliary, at the 
lamp terminals, at the line 
fuse switch, or in the block 

1. Shake tube slightly 

2. Rotate the tube slightly in 
clamps until negative tip is 
changed a little, not more than 
Y<t in. from the normal position 

3. Examine vacuum 

4. Examine the auxiliary 

switch and fuse block for poor 
contact 

Tube does not start 
but flashes white 
between negative 
and one positive 
electrode 

1. The other positive electrode 
is disconnected 

2. Resistance unit is burned 
out 

1. Look for the interrupted 
point in circuit of that positive 

2. Replace resistance unit 

Tube does not start 
but flashes red 

Vacuum is impaired 

Tube must be replaced 

Tube does not start 
or flash, but shifter 
operates 

1. Vacuum of shifter is im¬ 
paired, and it flashes red, or 
mercury mirrors the inside 

2. Vacuum of tube is impaired 

3. Impaired insulation 

4. Tube static due to nearby 
belts or to the movement or 
friction of the mercury in a 
tube handled and not since 
operated 

1. Replace shifter 

2. Replace tube 

3. If impossible to locate and 
remedy, return auxiliary for 
repairs 

4. Ground belts by means of 
grounded metal belt combs 
and wipe lamp tube with a wet 
cloth 

Tube does not light, 
and shifter does not 
operate 

1. Shifter sticks in its supports 

2. Electric supply is interrupt¬ 
ed, in either the main or the 
shifter circuits 

1. Inspect shifter 

2. Look for cause of interrup¬ 
tion in circuits, switches, and 
fuses, using a voltmeter or test 
lamps 

Lamp runs below 
normal candle 
power. Flickers or 
drops out 

1. Supply voltage is too low 

2. Wrong connections are made 
to the transformer 

3. Poor contact in some electri¬ 
cal connection 

1. Ascertain exact line-voltage 
variation and connect to prop¬ 
er transformer taps 

2. Correct transformer connec¬ 
tions 

3. Inspect all electric connec¬ 
tions in auxiliary and to lamp 
tube 

Lamp runs above nor¬ 
mal candle power, 
and tube blackens 
quickly 

High lamp current because of 
high voltage and wrong trans¬ 
former connections 

Measure line voltage and cor¬ 
rect connections to the trans¬ 
former 

Auxiliary transformer 
and inductance 

coils are exceed¬ 
ingly hot and smoke 

Short circuit in auxiliary 

Look for possible short circuits. 
If auxiliary has been run long 
on too high current, the insula¬ 
tion is generally impaired, 
which would result in poor 
starting of the lamp 

Auxiliary hums ex¬ 
cessively 

1. Vibration of transformer 
laminations 

2. Vibration of auxiliary cover 

3. Vibration of other small 
parts of auxiliary 

1. Tighten the transformer 
clamps holding the transform¬ 
er laminations and drive a 
fiber wedge between core and 
coils 

2. Tighten cover clamps by 
bending the wire ring 

3. Locate the vibrating part 
and tighten the rivets or 
screws holding it in place 
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which lamps are turned off and restarted no oftener than once every 5 burning hours. 
e Burning position must be within 10 deg. of vertical. 
t Use only approved-type, water-cooling jackets. 

* Burning hours when tested on approved auxiliary equipment at its xated line voltage and frequency and on an intermittent schedule in 
which lamps are turned off and restarted no oftener than once every 25 burning minutes. 
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112. The type H-l mercury Mazda lamp (General Electric Co.) con¬ 
sists, essentially, of two main electrodes located at opposite ends of a 
glass tube in which the mercury that maintains the arc is vaporized 
(Fig. 51). These electrodes are of tungsten wire, coiled and covered with 
barium-strontium oxide, which makes it possible for them to function 
satisfactorily at a correct temperature and for a long useful life. 

The arc tube contains a small amount of pure argon gas which is used 
as a conducting medium to facilitate the 
starting of the arc before the mercury is 
vaporized. Near the upper end of the 
tube is a starting electrode which is 
electrically connected to the lower elec¬ 
trode, and hence when voltage is applied 
an electric field is set up between the 
starting electrode and the upper main 
electrode, causing an emission of electrons 
from the active surface of the main elec¬ 
trode. This imparts energy to the gas in 
the arc tube so that it becomes conducting. 

The quantity of mercury in the arc tube 
is carefully measured so as to maintain 
quite an exact vapor pressure, which, 
incidentally, is about normal atmospheric 
pressure. 

The arc tube is enclosed in a larger 
tubular bulb which makes the lamp less 
subject to the effect of surrounding tem¬ 
perature. About }4 an atmosphere of 
nitrogen is introduced in the space 
between the arc tube and the outer tails of the type H-l lamp, 
bulb (General Electric Co.) 

Because in most of its applications the lamp will be burned in a base-up 
position, the majority of these lamps are designed accordingly. They 
may be obtained, however, for base-down burning, the chief difference 
being that in a base-down-burning lamp the arc tube is reversed so that 
the sealing tip is still at the top in order not to pocket any of the mercury, 
since this might interfere with its complete vaporizing. If all the 
mercury does not vaporize, the pressure of the mercury vapor will be 
less than normal, resulting in lower efficiency. The lamp must be 
operated in a vertical position in order to keep the arc stream in the 
center of the tube. If the lamp is deviated from vertical more than 
10 deg. the arc stream will bow until it touches the side of the tube and 
will quickly melt the glass and ruin the lamp. Horizontal operation 
requires the use of an auxiliary magnetic deflecting coil to keep the arc 
stream centered in the discharge tube. 


r r- 



Mogut 
screw base 


•Peststance 

Lead and 
'support wires 

Starting 
electrode 

'Upper main 
electrode 

^Tight center 
~Arc tube 

•Lower main 
electrode 

Supporting 
band 

\~Outertube 
Fig. 51.—Construction de- 
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113. At starting of the H-l lamp a high voltage is applied by means of 
the transformer auxiliary, and the arc is struck through the argon gas in 
the bulb. The voltage immediately drops because of the high reactance 
of the transformer. The argon arc is seen for about 2 min. as a bluish 
glow that fills the entire arc tube. After a few minutes the voltage 
rapidly increases until the lamp reaches a stable operating condition in 
about 7 min., at which time all the mercury is completely vaporized. At 
this stage the arc no longer fills the tube but is concentrated to a pencil¬ 
like arc stream of high intensity. 

If the current is interrupted while the lamp is in operation, the lamp 
cannot be relighted until it has cooled enough to reduce the mercury 
vapor pressure sufficiently to allow the arc to strike again, which will 
occur automatically if the current is on. This requires about 7 min. 

r 



i _ w. 

I. H-l. II. Tulamp (H-l). III. H-2. 


Fig. 52. —Transformer auxiliaries for mercury lamps. {General Electric Co.) 

This characteristic of the lamp in some applications is likely to be a dis¬ 
advantage in intermittent services where lamps are often switched on 
and off. However, where lamps are used continuously for extended 
periods, as they are in industrial interiors, no inconvenience is to be 
expected. 

114. Auxiliary equipment for the H-l lamp consists of a transformer to 
provide the proper starting and operating voltages (Fig. 52). All trans¬ 
formers have several primary taps (100, 107, 115, and 123 volts) for close 
adjustment to the installation line voltage, and each is available with or 
without integral power-factor correction. A transformer with a built-in 
condenser will result in a power factor of about 90 per cent and in general 
is to be recommended, but this is not essential in installations where 
consideration of the power factor is unimportant or where other means 
of general power-factor correction are in use. A separate transformer 
may be provided for each lamp, or the tulamp type (Fig. 52, II) may be 
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used to provide for two mercury lamps. The transformer may be 
mounted near each individual lamp or, if more convenient, grouped in 
one or more banks and located at a distance from the lamps or at any 
point along the circuit where it will be inconspicuous (Fig. 53). 

116. The H-2 mercury Mazda lamp (Fig. 53A) is similar in construc¬ 
tion and operation to the H-l lamp except that it has a single bulb (not 
an outer and inner as in the case of the H-l) and is, therefbre, more sensi- 



I-Suspension mounting F Suspension mounting 
transformer with transformer with 
outlet box mounted messenger cable or 
flush with ceiling beam suspension 



FI- Wall mounting transformer with 
outlet box mounted flush with ceiling 



N- Wall mounting transformer with 
surface mounted outlet box 



V- Messenger cable suspension 
of conduit,wall mounting type 
transformer - transformer attached 
to conduit with conduit straps 




J Wiring L=aJI— 


J Wiring 
trough 

Group of wall mounting transformers 


Fig. 53. —Methods of mounting transformers for mercury Mazda lamps. 
(Westing house Electric & Manufacturing Co.) 


tive to moving air. To ensure normal operation this lamp must be 
protected from drafts, and enclosing equipment is therefore recom¬ 
mended. Having a more diffuse arc stream, it can be burned in any 
position. 

The color of light from the H-2, although similar to that of the H-l, has 
slightly less of the yellow. The tip of the H-2 is coated to conserve heat 
and keep this end of the bulb hot enough so that no mercury will remain 
in a condensed form. This is particularly important when the lamp is 
operated base-up. 

Transformers similar to those for the H-l lamp as described in Sec. 114 
are required. 
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116. The 1,000-watt, Type H-6 mercury lamp {General Electric Co.) 
consists of a capillary quartz tube about l}4 in. long having an outside 
diameter of in. and a bore of 3^2 in. (Fig. 54). Sealed into each end 
is a tungsten wire which serves both as electrode and lead. The tips of 
these wires project just through the surface of a small mercury pool in 
each end of the lamp. The pressure when not lighted is about Hs 
atmosphere, which is the pressure of the argon gas with which the lamp 
is filled. The lamp reaches its full brilliancy in 1 or 2 sec. after power is 

applied, the heat from the arc quickly 
vaporizing the mercury and building up 
the pressure to about 80 atmospheres. 

' Because of the high wattage in such a 
small volume, it is necessary that water 
be passed over the tube fast enough to 
prevent the formation of steam bubbles 
on the surface of the quartz tube. To 
accomplish this, a “velocity tube” is 
placed around the lamp with a very 
small radial clearance through whieh 
the water must flow. Because the cross 
section of the water path is so restricted, 
sufficient velocity is attained to prevent 
steam formation with a water flow of 
about 3 qt. per min. Recirculating 
cooling systems have been built em¬ 
ploying a pump and radiator. The 
temperature of the water increases only 
a few degrees in passing over the lamps. 
More than 90 per cent of the infrared 
(heat) radiation is absorbed by the 
circulating water, which makes the 
coolness of its light one of the most 
valuable characteristics of this lamp. 
To supply an equal amount of light, 
only 42 per cent as much wattage is required in the water-cooled, quartz 
H-6 lamp as with a 1,000-watt, tungsten-filament source and with only 
one-fifth the radiant energy. 

The lamp produces 65,000 lumens with a maximum surface brightness 
of 195,000 candles per sq. in., one-fifth the brightness of the sun. Because 
the heat storage is small and cooling rapid, H-6 lamps may be restarted 
at once after the current has beer turned off. During life the lamp 
voltage gradually increases, and the current and wattage decrease. 
Either fracture of the quartz bulb or failure to start terminates the useful 
life of the lamp. It is advisable to include a pressure switch in the con¬ 
trol circuit so that the power is turned off automatically if the water jacket 
breaks, or if the water supply is interrupted. The auxiliary equip- 





Fig. 53 A .— Construction de¬ 
tails of the type H-2 lamp. 
(Westinghouse Electric & Manu¬ 
facturing Co.) 













Div. 9] 


ELECTRIC LIGHTING 


1399 


ments for this lamp are pictured in Fig. 54, III. The life is dependent 
upon the number of times the lamp is started and the type of service. 

A high-reactance transformer supplies the necessary lamp voltage for 
a-c operation. The secondary of the transformer supplies about 1,200 


Wate rline . 

tj 


Electrodes 



rLeads to special 
{i auxiliary equipment 


Water line 


Leads to 
special 
auxiliary 
equipment 


! x 

i 




I. Lamp. ( Westinghouse Electric & Manufactur- II. (< General Electric 


ing Co.) 


Co.) 



III. Auxiliary equipment and connection diagram. (< General Electric Co.) 
Fig. 54.—1000-watt, H-6, water-cooled mercury lamp. 


volts on open circuit for starting the discharge, the reactance of the 
transformer limiting the starting current to 2.6 amp. As the lamp 
warms up, the pressure rises, arc voltage builds up to 840 volts, and the 
current automatically drops to 1.4 amp. 

Ballast equipment is also required for d-c operation. The lamp 
current will be about 15 per cent less than on alternating current, but the 
d-c supply equipment is somewhat more bulky than the transformer. 

Several kinds of sockets have been designed for the H-6 lamp, holding 
one, two, or three lamps for a variety of intended uses. A few of the 
applications are for motion-picture production, television transmission, 
motion-picture projection, photoengraving, and blueprinting. The 
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H-6 lamp has made possible 1,200 or more foot-candles in television 
studios, with no discomfort to the people being televised. The color of 
the light is well suited to the sensitivity characteristics of the iconoscope. 

116A. The H-9 mercury lamp is similar in appearance to a fluorescent 
lamp and is mounted horizontally in a luminaire similar to the direct type 
of fluorescent lighting luminaire. It is intended for very high mounting 
where uniform illumination can be obtained with wide spacing between 
lighting units, such as in airplane assembly plants. 

117. Mercury lamps are used in industrial locations where the fine- 
detail-discerning quality of the type of light is desirable, such as for 
inspection work in sheet-metal-working plants where imperfections in 
the metal or in the paint may be easily detected. They may be used by 
themselves in fixtures as illustrated in Figs. 83 to 86 or in combination 
with incandescent lamps as in Figs. 87 and 88. Since the color of the 
mercury light is all yellow-green and blue-violet, it is not desirable to 
use the lamps by themselves in most locations for general illumination, 
owing to the fact that colors are not recognizable in their true values, 
and the sallow appearance of the workmen may be psychologically 
depressing. Also, the flicker and stroboscopic effect may be objection¬ 
able where machinery or objects are in rapid motion. Finally, in the 
event of a current interruption or overloads on the lines, causing a voltage 
drop sufficient to extinguish the lamp, it will not relight until it has cooled 
down to a point where the vapor pressure of the mercury has been 
reduced sufficiently to allow the arc to be reestablished. Including the 
time required for the lamp to reach full brilliancy, 10 to 15 min. produc¬ 
tion time may be lost. 

Combination mercury and incandescent lighting eliminates all these 
defects. The incandescent lamps provide color correction to the light, 
minimize the stroboscopic effect by providing steady illumination, and 
provide sufficient illumination to enable work to continue while waiting 
for the mercury lamps to start. The total illumination will be the sum 
of that provided by each of the types alone. 

118. There are several ways of combining mercury and incandescent 
lighting. 

1. An existing incandescent-lamp installation may have its illumination 
level and seeing quality increased greatly by adding high-intensity, 
mercury-lamp fixtures interspersed symmetrically with the incandescent 
fixtures. The mercury-lamp fixtures should be mounted considerably 
above the incandescent ones for proper mixing of the light. 

2. Alternate incandescent and high-intensity, mercury-lamp fixtures 
may be used. The mixing of the light is apt to be imperfect with this 
system unless the units are spaced somewhat closer together than their 
height. 

3. Combination luminaires using one 250-watt, high-intensity mercury 
lamp combined with two 150-, one 300-, two 200-, or one 500-watt incan- 



Div. 9] 


ELECTRIC LIGHTING 


1401 


descent lamp This has the advantage that the mercury and the 
incandescent light are mixed before leaving the fixture, providmg a 
pleasing appearance for the room 

SODIUM-VAPOR LAMP 

119. The golden light from the sodium lamp (General Electric Co ) is 
a product of an electric discharge through an atmosphere of sodium 
vapor This color is typical of sodium The light is monochromatic, 



te , all one color It is generated at about three times the efficiency 
reached m large incandescent lamps, and at relatively low brilliancy. 

The lamp consists of a tubular bulb (Fig 55, I) with electrodes at each 
end The leads are brought out at one end and connected to a four-pin 
base The lamp contains neon gas at a low pressure for starting, and a 
quantity of pure sodium At starting, the electrodes are connected m 
series through a thermal switch as shown in Fig 55A After a preheating 
interval of approximately 1)4 min the thermal switch opens and the high 
voltage of the senes circuit strikes the arc through the neon gas The 
rated arc current is 6 6 amp , requiring a potential of about 28 volts 

The light is derived from electronic displacement in the sodium vapor 
The entire bulb is luminous, with a brilliancy much less than that of an 
incandescent filament The normal operating temperature is about 
480°F, which is obtained by conserving heat with an enclosing vacuum 
flask of glass cylinders, the outer two being sealed together and evacu- 
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ated. This arrangement retains the heat needed to vaporize the sodium, 
which is normally a solid. When first started, the glow is red—neon 
color. As heat is stored up, the color gradually becomes golden. It 
takes about 30 min. to reach full output, although acceptable lighting 
conditions are reached within a few minutes after starting. 

The expected useful life of 
the lamp is at least 1,350 hr. 
Neither life nor light output 
are greatly affected by normal 
changes of current or sur¬ 
rounding temperature. The 
power consumption of the 
lamp itself is about 200 watts, 
with a power factor of 0.9. 
The luminous efficiency of the 
lamp is, therefore, about 50 
lumens per watt. The over¬ 
all efficiency is reduced to 
about 40 lumens per watt 
because of the auxiliary equipment required. This figure may be com¬ 
pared with 15 to 19 lumens per watt obtained from incandescent street 
lamps. 

120. The sodium lamp in its present form is best suited (General 
Electric Co.) to lighting applications which can use a volume of light 
about equal to that of a 500-watt incandescent lamp and can use the 
characteristic golden color and the relatively large physical size of light 
source; and which also require prolonged burning (as distinguished from 
short-time intermittent operation) and have an annual total of burning 
hours such that the saving in energy cost will be sufficient to justify the 
necessarily higher first cost of equipment. Safety lighting for bridges 
and highways is just such an application. 

Effective use of the light generated is obtained by (1) mounting the 
lamp horizontally and transversely to the roadway, and (2) by using 
with it a special combination of reflectors made from Alzak aluminum 
(Fig. 55, II and III). This material gives high efficiency of reflection 
and excellent durability under exposure to weather. 


6.6 amp. series 
circ uit 

Thermal 
switch 

Fig. 55A.—Circuit for sodium vapor lamp. 


NEON LAMPS 

121. Neon lamps may be classified into two types: (1) high voltage 
and (2) low voltage. 

122. High-voltage neon lamps (Fig. 56) consist of two terminals or 
electrodes set into the opposite ends of a glass tube which contains neon, 
helium, or argon gas, with or without mercury, at low vapor pressure. 

Like all gaseous-discharge lamps a higher voltage is required to start 
the arc than is required for continuous operation. These lamps arc 
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124. The gas pressure as given in Table 123 must be determined quite 
accurately during manufacture. If the pressure is too low, the resistance 
of the tubing and the cathode voltage drop will be high, and the tendency 
to sputter will be great. Sputtering means that the metal of the elec¬ 
trode evaporates and deposits on the tube, causing the ends of the tube 
to blacken. This process lowers the gas pressure still further until the 
tube flickers and finally fails to light. If the pressure is too high, the 



Fig. 57.--A high-tension spark coil for testing the vacuum system. The 
knob at the end is used to control the intensity of the spark which appears at 
the metal tip of the device. (Miller and Fink , “Neon Signs.”) 

light will not be brilliant. The gas pressure may be tested by holding a 
special type of spark coil (Fig. 57) against either the glass or the electrode 
wire. 


125. Gas Pressure Determined by Color, Using Spark-coil Tester 

(Miller and Fink, “Neon Signs”) 


Coil held against 

Color obseived 

Gas pressure, 
mm. of 
mei cury 

Remarks 

Electrode wire . . . 

Purple 

200 

Color visible only at edge of 
electrode shell 

Electrode wire. . . . 

Pin pie 

150 

Faint glow in tube 

Electrode wiie . ... 

Purple 

50 

Fair glow in tube 

Electrode wire. 

Blue purple 

15 

Dark glow 

Electrode wire . 

Red pm pie 

‘1 


Electrode wire ... . 

Lavender 

2 


Electrode wire 

Light lavender 

1 


Glass. 

Dark blue 

0.25 


Glass. 

Light blue 

0.10 


Glass. 

Very light blue 

0.01 


Glass. 

Blue disappears 

0.005 

No glow in tube, blue haze near 
glass wall 


126. The principal application of neon lamps is for sign lighting. 
They are particularly adapted for this class of illumination owing to their 
bright colors and the fact that the tubes lend themselves readily to the 
forming of letters and figures. The brilliant single-color red, blue, or 
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green light has an eye appeal in outdoor advertising which white light 
cannot offer. The orange-red light of the neon tube penetrates great 
distances, making neon signs stand out with a brilliance and sparkle even 
on rainy nights. The flexibility of these thin glass tubes in the forming 
of trade-marks, special figures, and animated designs also adds to their 
desirability to the advertiser. Finally, the relatively low wattage 
(about 4 to 6 watts per foot of tubing) makes the operating cost relatively 
low. 

127. The diameter of tubing used is from 7 to 15 mm. (^ to % in.). 
These sizes are convenient to work with and thoroughly practical for 
almost all applications. 

The voltage required per 
foot of tubing varies with 
the diameter of the tubing 
as given in Fig. 58. The 
smaller sized tubes give the 
more brilliant light but 
require the greatest voltage 
per foot of tube. 

128. The transformers 
are rated according to 
secondary voltage and 
short-circuit current in 
milliamperes. Table 130 
gives a list of standard 
transformers with the 
length of tubing in feet 
which can be supplied by 
each. This length varies 
with the diameter of the tubing and the gas used. Where it is desired to 
‘•ombine two different sizes and colors of tubing in series on one trans¬ 
former, the chart of Fig. 59 may be used. Any combination of lengths 
which are side by side in one column in the chart may be used on the 
transformer whose rating is given above the chart. 

For example, a 9,000-volt, 30-ma. transformer may supply: (in the 
first column of the chart) 20 ft. of 15-mm. blue tubing and 16 ft. of 15-mm. 
red or (in the third column) 20 ft. of 15-mm. red and 11 ft. of 12-mm. 
blue, making a total of 36 ft. in the first case of the larger tubing and 
31 ft. in the second case of the combination of the larger and the medium¬ 
sized tubing. Note that, as the diameter of the tubing is decreased, the 
number of feet which can be supplied decreases on account of the rise in 
the voltage per foot, as shown in Fig. 58. 

129. In the make-up of signs one section of tubing usually forms two 
or three letters. The different sections of tubes are then connected in 
series with wire jumpers until as many feet of tubing have been assembled 



Fig. 58.—The voltage per foot required to 
operate tubing of various diameters filled with 
neon gas. (Miller and Fink , “Neon Signs .”) 
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tSMM 15MM 
Blue Red Total 



15MM15MM 
Blue Red Total 



*000 VOLTS 30 M A. TRANSFORMER 


15MM12MM 15MM12MM 

Blue Red Total Red Blue Total 



12,000 VOLTS 30 MA. TRANS FORMER- 

15MM12MM 15MM12MM 


Blue Red Total Red Blue Total 



1*000 VOLTS 30 MA. TRANSFORMER 

15MM12MM 15MM 12MM 

Blue Red Total Red Blue Total 



12 MM 12 MM 
Blue Red Total 



12MM 12MM 
Blue Red Total 



12MM 12 MM 
Blue Red Total 



Fig. 59.—Chart for determining the combinations of red and mercury 
tubing which may be run from a single transformer. (Miller and Fink , 
“Neon Sign*.”) 
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as can be handled by the transformer to be used, as determined from 
Table 130. In large signs several transformers may be used, each con¬ 
nected to its own section of tubing. The crossovers of tubing between 
letters can be blocked out by winding the tubing with tape and covering 
it with a waterproof varnish, or the tubes may be painted with a non- 
metallic opaque paint. The glass should be made perfectly clean before 
painting by rubbing with a wet cloth and drying. Metallic paint (with 
lead or copper base) should never be used on the tubing, as it will conduct 
electricity and may cause a corona discharge between the tube and the 
housing which will attack the glass. 

130. Transformer Chart, Showing Maximum Number of Feet of Tubing 

a Given Transformer Will Carry 

(Miller and Fink, “Neon Signs”) 



This chart compiled from an average taken from various charts hated by leading trans¬ 
former companies in the United States. Values given are conservative, to allow for 
variations in glass diameters. 























































131. Neon-glow Lamps 

(General Electric Co.) 
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132. External Resistor Values for the Use of Neon-glow Lamps on Various Voltages 

(General Electric Co ) 
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Resistor wattage ratings shown are the actual energy to be dissipated. Unless ventilation is good, resistors of double these ratings should 
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133. Low-voltage, neon-glow lamps (Fig. 60) are operated directly on 
110- to 125-volt d-c or a-c systems. They contain two plates to form 
electrodes spaced with their abutting edges about He to H in. apart. 
The bulb is filled with neon gas in some types and argon in others, as 
indicated in Table 131. A high-resistance coil in the base is connected 
in series with the electrodes and serves to limit the current, no auxiliary 
devices being necessary. When the circuit is closed the 110 to 125 volts 
causes the small air space between the plates to become ionized. A glow 
discharge takes place between the plates and then spreads so as virtually 
to cover the surface of the plates. The plates are very rugged and long 
lived, failure usually being due to the burning out of the series resistance. 



Fig. 60. —Low-voltage neon glow lamps. (<General Electric Co.) 


When these lamps are used on direct current, only one electrode glows, 
whereas on alternating current both electrodes glow. They can there¬ 
fore be used as an a-c-d-c detector device. They are available in three 
colors: red, green, and blue. They may be used as pilot and indicator 
lamps in industry, for stroboscopic lamps in the laboratory, and as all- 
night lights in homes. Their low wattage, long life, and dependability 
make them ideal for such uses. The characteristics of neon-glow lamps 
are given in Table 131. When it is desired to use neon-glow lamps on 
higher voltages than 125, a resistor as given in Table 132 should be used 
in series with the lamp. 

ULTRAVIOLET-LIGHT SOURCES 

134. Ultraviolet-light sources are lamps which are designed primarily 
to produce light of wave lengths in the ultraviolet part of the spectrum 
(see Fig. 1). It should be understood that all ultraviolet light is not the 
same. There are at present four recognized bands of ultraviolet light. 
The band in which the light from any source falls depends upon the wave 
length of the light emitted. Each of the recognized bands differs widely 
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from the others in its characteristics, usefulness, and field of application. 
The four bands are as follows: the near-ultraviolet or fluorescent region, 
erythemic region, abiotic or bactericidal region, and the Shuman region. 
They are listed above in the order of decreasing wave length of the light, 
the wave length of the near ultraviolet being closest to that of visible 
light. The light from fluorescent lamps originates at its source as light 
in the near-ultraviolet band. This non-visible light is transformed into 
visible light by the fluorescence of the coating on the lamp tube under 
the influence of the near-ultraviolet light. The light output from the 
lamp, therefore, becomes visible light, so that the fluorescent lamp is 
not an ultraviolet-light source. 



Fio. 61.—Sunlight lamps. 


The common methods of producing ultraviolet radiations are (1) by 
carbon and tungsten arcs, (2) by tungsten filaments operated at higher 
temperatures than in ordinary lamps, and (3) by gaseous-discharge lamps 
of proper design. Ultraviolet light may be used for healthful radiation 
as in the case of the sunlight lamps, for photographic printing, for 
illuminating fluorescent materials for analysis or for theatrical effects, 
or for the killing of germs as in the case of the germicidal or sterilamps. 

135. Sunlight lamps (Fig. 61) are designed for use in homes and 
solariums to provide luminous radiation combined with healthful ultra¬ 
violet rays. There are two types of these lamps: S-l and S-4. The S-l 
lamp (Fig. 61, I) consists of a tungsten filament in parallel with a mer¬ 
cury arc. The tungsten filament provides luminous radiation as well as 
heat to vaporize the mercury. The mercury discharge takes place 
between the electrodes at the base of the filament. The filament con¬ 
tinues to operate after the mercury, discharge starts but operates at a 
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lower intensity because of the reduction in voltage caused by the high- 
reactance transformer which is built into the base of the fixture with 
which this lamp must be used. The mercury arc produces the ultra¬ 
violet radiation. The bulb is of special glass which transmits biologically 
active ultraviolet rays but absorbs most of the radiation of wave lengths 
shorter than those in sunlight. These shorter wave lengths are harmful 
to the eyes. Exposure of the body for a few minutes each day to the 
ultraviolet rays from these lamps will maintain a healthful tan and help 
to keep the body in condition to ward off colds and disease during the 
winter months, when very little of the ultraviolet rays from the sun are 
available. 

The S-4 lamp (Fig. 61, II) consists of a mercury-arc discharge in a 
capsulelike quartz tube. The tube has main electrodes at the top and 
bottom and an additional starting electrode at the top close to the main 
electrode. The tube contains argon gas and mercury. At starting, the 
arc discharge takes place between the top main electrode and the starting 
electrode. A resistor in series with the starting electrode limits the 
starting current. Since there is a considerable drop in voltage through 
the resistor, the voltage between the main electrodes is much higher than 
the voltage between the starting electrode and the top main electrode. 
Therefore the arc spreads to the main electrodes, filling the tube. The 
voltage is then reduced owing to the high-reactance transformer used 
with the lamp, and the current through the starting electrode is limited 
by the series resistance to an inappreciable value. The quartz tube 
operates at high pressure. A cooling period of 2 or 3 min. is required 
before the lamp will restart after a current interruption. The outer bulb 
of the lamp serves merely as a protective enclosure. The S-4 lamp has 
about the same ultraviolet output as the S-l but is the newer lamp of 
the two and operates at only one-fourth of the wattage of the S-l. The 
S-4 lamp, whose life depends on the frequency of starting, has a consider¬ 
ably shorter life than the S-l when used in the usual way of a few minutes' 
operation at a time. The following table gives the principal data for 
these lamps. 


Lamp 

no. 

Approx. 

wattage® 

Bulb 

Base 

Std. 

pkg. 

quan. 

Rated 
life, hr. 

Max. 
over-all 
length, in. 

S-l 

S-4 

400 

100 

PS-22, inside frosted 
A-21, clear 

Mogul 

Admedium 

6 

6 


6Ks 

m 


• For total, add auxiliary watts. 

6 The life of this lamp cannot be adequately expressed in hours owing to the fact that 
its total useful burning hours are largely determined by the number of lamp starts 
involved. Based on laboratory tests, the service life in ordinary household usage has 
been estimated as approximately 400 applications. 
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Approx. 

length 

of light 
source, 
in. 


Av. 

light 

center 

length, 

in. 

«e 

CO W5 

Max. 

over-all 

length, 

in. 

I 

•■00 \N 

M»\ *-N «\ 

»<5 ifj >0 QC 00 

Rated 
av. lab. 
life, hr. 

i 

H H H r-4 

Lumens per watt fc 

At 70 % 
rated life 

28 

nee) 

28 

Rated 

initial 

--— v 

a|* ** 

90 

Rated 

initial 

lumens 6 

O' 

CO CO © © 

3 9 S 

CO CO CO cO CO 

Posi¬ 
tion of 
burn¬ 
ing 

Any 

Any 

Any 

Any 

Any 

ffl 

Admed. 

Admed. 

Admed. 

skirted 

Mogul 

Admed. 

Inner 

bulb 

T-3 Quar. 
T-3 Quar. 
T-3 Quar. 

T-3 Quar. 
T-3 Quar. 

Outer 

bulb 

T-10 clear 

T-16, red purple 
PAR-38, clear 

T-14; clear 

T-14; clear 

S j, . 

Ill 

8 8 8 88 

r-> rl r-t C9 C9 

Lamp 

No. 

A-H4 

B-H4 

C-H4 

A-H5 

B-H5 


|i||! 

'sill 

fe * g B * 

a g 2 C 

Hill 

=85111 

■all-S 

lilll 

pE 4 M ffl 
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136A. The H-4 and H-5 lamps (Fig. 62) are identical in interior con¬ 
struction and operation with the S-4 sunlight lamp. They have different 
bulbs, however, and are used for the projection of ultraviolet light for 
photographic printing or for theatrical effects. These lamps are sources 
of light in the erythemic band. The types differ from each other in 
the amounts of visible light which accompanies the ultraviolet and in the 
particular range of the ultraviolet light produced. The difference in 
the characteristics of the light emitted from the lamps is controlled by the 
type of glass used in the bulb of the lamp. H-4 lamps are put into three 
classes, according to the type of bulb, and the classes are designated by 
the letters A, B, or C prefixed to the H-4. 


Admedium 
screw base 

Starting % 
resistor ''' 

Outer bulb . 

Starting 
electrode - 

Main 

electrodes 
Arc tube S 




I. A-H4 lamp. ( West - 
ting ho v se Electric & 
Manufacturing Co.) 


Fig. 62.- 


II. H-5 lamp. III. B-H4 red- 
(General purple lamp. 
Electric Co.) {General Electric 
Co.) 

Types H-4 and H-5 mercury Mazda lamps. 


The A-H4 lamp (Fig. 62, I) has a clear tubular bulb and is used princi¬ 
pally in photographic printing equipment. The B-H4 (Fig. 62, III) has 
a red-purple bulb which screens out the visible light but allows the ultra¬ 
violet to pass through. This lamp is used with projectors to illuminate 
fluorescent materials for theatrical effects. The C-H4 has a parabolic¬ 
shaped clear bulb similar to the one shown in Fig. 32, I, and is used for 
projecting ultraviolet light without the use of special reflecting equip¬ 
ment. The H-5 lamp (Fig. 62, II) has a higher rating (250 instead of 
100 watts) than the H-4 but is otherwise similar. It is made in two types 
which differ only in the type of base: the A-H5 with a mogul base and the 
B-H5 with an admedium base. Both types have a clear tubular bulb. 
They are used for photographic printing work. If used with a red-purple 
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screen a much larger amount of ultraviolet light is available for illuminat¬ 
ing fluorescent materials for theatrical effects than the B-H4 lamp pro¬ 
vides. Table 136 gives the principal data for the ultraviolet types of 
mercury Mazda lamps. 

137. Germ-killing lamps, which are called sterilamps by the Westing- 
house Electric & Manufacturing Co. (Fig. 63), and germicidal lamps by 
the General Electric Co. (Fig. 63A), have been developed for use in many 



& 




Fig. 63.— Stculamps. {W cstinghousc Electric ct* Manufacturing Co.) 

places for sterilizing and prevention of mold. The germ-killing lamp is a 
gaseous-discharge lamp consisting of a long tube containing mercury 
vapor and inert gases. It gives out ultraviolet radiation in the bacteri¬ 
cidal band which kills bacteria of many kinds. The General Electric 
5-watt size (Fig. 63A, II) may be operated in an ordinary socket, but all 
the others require auxiliary control equipment, such as a reactor, trans¬ 
former, relays, etc. 
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1- Fifteen-watt lamp, the largest germicidal lamp now available. 
Requires amujiary control equipment, (I) iron-core 
choke coil (2) starting switch 



Five-watt lamp, for applications where smalleramounts 
of ultraviolet are desired No auxiliary equipment needed 



M “Three watt lamp Produces more ultraviolet 
than five watt lamp Requires reactor for operation 
Fig 63A. — Germicidal lamps, (i General Electric Co.) 
138. Technical Data for Germicidal Lamps 

(General Electric Co ) 


Characteristic 

15 watt (same as 
fluorescent) 

5-watt 

3-watt 

Over-all length in 


7% 

5H 

Diameter in 

1 

m 

>2* 

Operating voltages 

110 125 volts 

110-125 volts 

110-125 volts 


60 cycles 

50-60 cycles 

60 cycles 

Nominal lamp amperage 

0 27 

0 048 

0 050 

Wattage, including reactor 

19 

5 

4 

Life, hr 

1 500 

1 500 

1 000* 

Ultraviolet output 

15-20 microwatts 

1 microwatt per 

3 to 4 microwatts 


per sq cm of 

2 537 A at 1 m 

sq cm at 1 m 

per sq cm at 1 m 

Base 

I-Al cap 

Medium screw 

Radio No 4108 

Operating auxiliary 

Same as for 15-watt 
T-8 fluorescent 
lamp 

None required 

Z-11202 reactor 

Burning position 

Any 

Any 

Any 

Bulb 

T-8 

r-io 

T-4« 

Standard package quantity 

24 

24 

12 


* The General Electric Co can also supply two other types of sterilizing units lhe 
one generally known as the cold-cathode type is available in the 10-, 20- and 30-m. sizes, 
the rating being approximately 6 to 10 watts 

The Unarc is available in sizes from 250 to 1 200 watts These are the quartz mer¬ 
cury arcs generally used in the medical profession, and m commercial devices for the 
sterilization of water, the vitamization of food products, and a variety of photochemical 
reactions. 

These units require special sockets and auxiliary devices Information on these two 
types of sterilizing units and their auxiliary equipment can be obtained from the Lamp 
Department, General Electric Co , Nela Park Cleveland Ohio 
b A conservative estimate Tests not yet completed 

c Bent-tube or “ closed-hairpin ” construction makes lamp approximately 1-in wide 







I Germicidal lamps properly in¬ 
stalled and in sufficient quantities can 
make air delivered from air ducts 
practically free of bacteria 



III The use of germicidal lamps in 
walk-in cooleis and refrigerated display 
cases is being tested with a view to 
retarding growth of molds and bacteria 



IV This device is of the conveyor 
type The glasses are placed on the 
moving conveyor and conducted through 
a field of radiation produced by the 
stenlamps (Hobart Manufacturing Co) 



II Sterilised 
instruments, band¬ 
ages, and other 
articles can be kept 
sterile by the energy 
from germicidal 
lamps installed at 
the opening of the 
cabinet or container 



V Curing of meat 



VI Seat being san¬ 
itized when not in 
use 


VII Guard re¬ 
moved showing 
install ation of 
stenlamp 



Fig. 64. —Applications for germicidal and stenlamps. 
1417 
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139. The principal uses (Fig. 64) for germicidal and stenlamps are: 

1. For storage and aging of meat. The meat when exposed to ultra¬ 
violet radiation may be kept in a warm, high-humidity atmosphere where 
it will age and become tender much more rapidly with no formation of 
mold or slime and with no loss of weight due to drying out. 

2. For irradiation ol bread dough to prevent the formation of mold. 

3. For sterilizing drinking glasses, hospital instruments, toilet seats, 
etc., to prevent the spread of disease. 

4. For use over the hospital operating table to prevent wound infec¬ 
tions after major operations. 


140. Sterilamp Characteristics 

(Westinghouse Electric & Manufacturing Co.) 


Characteristic 

WL-782-10 

WL-782-20 

WL-782-30 

Over-all length, in 

14>i 

24 h 

34> z 

Effective length, in 

10 

JO 

30 

Maximum diameter, m 


7 k 

7 6 

Starting voltage, a-c 

400 

575 

750 

Operating voltage (approx ) 

275 

375 

475 

Operating current (iange), amp 

0.030-0 050 

0 030-0 050 

0 030-0.050 

Effective life, months 

6 

6 

6 



Fig. 66.- Drying lamps in tunnel for diymg lacquered automobile bodies. 
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INFRARED HEATING LAMPS 

141. Heating or drying lamps are incandescent lampB with filaments 
which operate at a lower temperature (2,500°K. instead of about 3,000°K.) 
so that most of the radiation occurs in the infrared part of the spectrum 
with wave lengths longer than those of visible light. Their principal 
use is in ovens for drying and baking enameled and lacquered articles 
such as automobile bodies (Fig. 65). A bank of these lamps, properly 
spaced close together and located at from 6 to 18 in. from the surface to 
be dried, will dry in a few minutes painted articles which would otherwise 
require several hours. These lamps are made in 250-, 500-, and 1,000- 
watt sizes as listed in Table 142. The 250-watt size is made in both a 
pear-shaped bulb and in a reflector-type bulb which may be used without 
a reflector. Goldplated reflectors, which have a high reflection factor 
for the infrared rays, should be used with drying lamps. 


142. Drying Lamps 

(General Electric Co.) 


Wattage 

250 

250 | 

500 

1,000 

Bulb* 

PS-30 

R-40 j 

G-40 

G-40 

Volta 

105-120 

105-120 

100-110 

100-110 




110-120 

110-120 

Buno 

Medium 

Medium 

Medium 

Medium 


1 screw 

screw 

Bipost 

BipoHt 

I'inish 

Clear 

1 I K and re¬ 
flecting neck 

Clear 

Clear 

Light center length, in 

6 


W 

3 H* 

Max. over-all length, in 
Standard package quan¬ 

8>i« 


m 

7 X 

tity .... 

60 

12 

! 

12 

12 


® For meaning of bulb s> mbola, see Sec. 85 . 

h The light center length of this lamp is the distance from the center of the light aouroe 
to the plane of the bottom of the bulb (exclusive of tip). 


LUMINAIRES 

143. Purpose of Luminaires.—A luminaire is a device which directs, 
diffuses, or modifies the light given out by the illuminating source in 
such a manner as to make its use more economical, effective, and safe to 
the eye. The luminaire includes the fixture stem and canopy, the 
reflector, the lamp socket, and the enclosing glassware. Since the light 
from a bare lamp is given off approximately equally in all directions, in 
order to use the light economically some accessory is required to direct 
the light to the desired areas. As most lamps have a high brilliancy, 
it is desirable in producing satisfactory illumination that the eye be 
shielded from the source in order to eliminate direct glare. It would not 
be possible to illuminate an area with bare lamps, unless an excessively 
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large number of closely spaced units were employed, without the produc¬ 
tion of dense deep shadows. In many cases the artistic appearance of 
the illuminating system is of great importance, so that the luminaire 
must possess decorative features as well as those necessary for satisfactory 
illumination. 

An unshaded incandescent lamp should never be tolerated under 
any circumstances, unless the bulb is inside frosted, and even then only 
in such locations as storerooms, etc., where it is desirable to light the 
entire wall surface, and where the eyes are normally directed away from 
the location of the lamps. This is because the lamp filament has a high 
brightness (Table 44), and looking at it continually with the unprotected 
eye is apt to injure the eye permanently. 

144. Distribution Graphs of Luminaires. —The effect of a luminaire 
in changing the direction and distribution of the light given out by a light 

source is best expressed by a distribution 
graph. Figure 66 shows such a graph for 
a bare lamp and for the same lamp with 
a reflector. The graph represents the 
light in a single vertical plane through 
the center of the light unit, and it is 
assumed that the light in all similar verti¬ 
cal planes is similarly distributed. See 
Sec. 32, How to Read a Photometric 
Graph. 

Figure 67 shows a sample photometric 
test report for a 500-watt indirect 
luminaire of the type shown in Fig. 99. A report of this type is used in 
comparing luminaires with each other, as to relative distribution of light, 
type of illumination, lumen-output efficiency, and brightness. 

146. Classification of Luminaires. 

1. According to system of illumination produced. 

a. Direct. 

b. Semidirect. 

c. General diffuse. 

d . Semi-indirect. 

e. Indirect. 

2. According to the amount that the luminaire encloses the lamp. 

а. Open. 

б. Enclosed. 

3. According to class of service. 

а. Industrial. 

б. Commercial. 

c. Residential. 

d. Street lighting. 

e. Floodlighting. 


KBSSSSSft 



-Curve of 
Same Lamp 
with Reflector. 


Fig. 66.—Comparison be¬ 
tween distribution curve of a 
bare incandescent lamp with 
that of the same lamp equipped 
with a suitable reflector. 
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WESTINGHOUSE LAMP DIVISION 
VVESTINGHOUSE ELECTRIC & MANUFACTURING COMPANY 
COMMERCIAL ENGINEERING LABORATORY 
PHOTOMETRIC TEST REPORT 
Lu minous B owl Indirect Lighting Unit 


NOMINAL 

u 


APRARENT CANOLEPOWERI 



Fig. 67.—Photometric test report. 


(W eetinghouee Electric & Manufacturing 

Co.) 


4. According to the material of which the luminaire is made. 

а. Steel. 

б. Aluminum. 

c. Opal glass. 

d. Prismatic glass, 
c. Mirrored glass. 
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/. Glass and metal. 

g . Plastic. 

5. According to method of mounting. 

a. Suspended. 

b. Surface mounted. 

c. Built in. 

146. Direct lighting can be defined as a lighting system in which 
practically all (90 to 100 per cent) of the light of the luminaires is directed 
in angles below the horizontal directly toward the usual working areas 
(Fig. 68, I). This type of lighting is produced by luminaires, which 
range from industrial-type steel or aluminum reflectors to fixtures 


% > j } * 

x *\ * i x 


0 




%/\\ 







I. Direct. 


IT. Hcmidireet. 


III. General diffuse. 




IV. Semiindirect. V. Indirect. 

Fig. 68. --Systems of illumination. {General Electric Co.) 

mounted above large light-source areas such as glass panels and skylights, 
Although, in general, such a system provides illumination on the working 
surfaces most efficiently, this may be at the expense of other factors such 
as excessive contrasts of the light source with the surroundings, trouble¬ 
some shadows, or direct and reflected glare. 

147. Semidirect lighting is obtained for the most part from glass 
luminaires open at the bottom (Fig. 68, II). In this classification 60 to 
90 per cent of the light is directed downward to the working surface. 
This system provides, at low cost, illumination suitable for casual seeing 
for such areas as corridors, stairways, washrooms, locker rooms, etc. 

148. General diffuse lighting refers to the system in which the light 
emerges from the fixture approximately equally in all directions (Fig. 
68, III). The luminaires usually consist of d iff using-glass enclosing 
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globes which may be spherical, diamond shaped, or circular with a 
flattened surface on the top or bottom. Although this system gives 
good illumination of better quality than either the direct or semidirect 
systems, some difficulty may be experienced with brightness and glare. 
General diffuse lighting has been used in commercial buildings where the 
greater expense of an indirect system could not be justified. 

149. Semi-indirect lighting is obtained when some of the light is trans¬ 
mitted directly to the working surface, but considerably more than half 
(60 to 90 per cent) is emitted upward to the ceiling and upper walls, from 
which it is reflected diffusely to all parts of the room (Fig. 68, IV). These 
luminaires may be open at the top or completely enclosed with a dense 
or enameled glass on the bottom and a clearer glass on the top. The 
latter type resists the collection of dust and dirt and is easily cleaned. A 
correctly designed unit has a sufficiently low surface brightness to pre¬ 
clude glare, at the same time transmitting sufficient light through the 
lower glass to enhance the illumination on vertical surfaces. 

160. Indirect lighting, as the name implies, means that nearly all the 
light (90 to 100 per cent) reaches the work indirectly by being reflected 
from the ceiling (Fig. 68, V). With the entire ceiling becoming a light 
source of low brightness, direct glare and shadows are practically elimi¬ 
nated. This produces a quality of lighting highly desirable for drafting 
rooms and offices where a high level of illumination is needed for doing 
close work with the least eyestrain. 

161. An open luminaire is one which only partially encloses the lamp. 
Open direct lighting luminaires have the lamp exposed to view from at 
least one direction. The luminaires of Figs. 71 to 74 are open-type, 
direct-lighting units. Open-type luminaires for semi-indirect lighting 
are shown in Fig. 91, and luminaires of the open type for indirect lighting 
in Fig. 101. 

162. An enclosed luminaire completely encloses the lamp from view 
from any direction. The ones shown in Figs. 75, 77, and 78 are enclosed 
direct-lighting luminaires. The luminaire of Fig. 95, I, is an enclosed 
unit for semi-indirect lighting. 

163. Classification of Luminaires According to Class of Service.— 

Industrial service refers to use in factories and manufacturing establish¬ 
ments. Commercial service refers to use in offices, stores, and public 
buildings. Residential use means use in houses and apartments; street 
lighting means the illumination of streets, roads, and highways; and 
floodlighting means the illumination of outdoor areas such as painted 
signs, recreational grounds, automobile parking spaces, and building 
exteriors. 

164. Steel reflectors have a sheet-steel base coated with porcelain 
enamel, paint enamel, or aluminum paint to form the reflecting surface. 
The best types of steel reflectors are those coated with porcelain enamel, 
since their reflecting surface is very efficient, permanent, durable, and 
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easily cleaned. Paint-enamel reflectors when new are quite efficient, 
but the reflecting surface deteriorates very rapidly. Aluminum-painted 
reflectors are slightly better than paint-enamel ones but not so perma¬ 
nent as the porcelain-enamel ones. 

Steel reflectors are used in the manufacture of many luminaires of the 
direct and indirect types. 

155. Aluminum reflectors are used in many different types of lumi¬ 
naires. The reflecting surface is usually given an electrochemical 
treatment called Alzak which removes the impurities from the aluminum 
and gives it a hard durable surface which has a high reflection efficiency 
of approximately 90 per cent. Like the steel reflectors, they are used in 
luminaires for both direct and indirect lighting. 

166. Opal glass is a white diffusing glass (See Sec. 10) which transmits 
light with a loss of only about 15 to 35 per cent, the amount depending on 
the density of the glass. It breaks up the light rays so that the lamp is not 
visible and glare is kept at a minimum. Opal glass is used m the manu¬ 
facture of luminaires of all the various types. 

157. Prismatic glass consists of clear glass which is molded into scien¬ 
tifically designed prisms. Each prism is designed with reference to the 


pi 
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fisn 

m 

MM 



I-Extenstve E-Intensive El** Focusing 

-Distribution characteristic curves for direct prismatic glass lumi¬ 
naires. (Holophane Co.) 


position of the light source. By proper design, distribution curves of the 
extensive, intensive, or focusing types are obtained. The extensive 
reflector distributes the light over a wide angle below the horizontal 
(Fig. 69, I), the maximum intensity being at an angle of about 45 deg. 
with the vertical. 

Intensive reflectors (Fig. 69, II) throw the light more directly down¬ 
ward, the maximum intensity occurring between 0 and 25 deg. with the 
vertical. 

Focusing globes and reflectors (Fig. 69, III) concentrate the light to a 
small area, producing greatest intensity of illumination along the axis of 
the reflector. Focusing reflectors give an end-on candle power approxi¬ 
mately times as great as the lamp’s rated horizontal candle power. 
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The area intensely illuminated is a circle, the diameter of which should be 
one-half the height of the lamp above the plane of illumination; outside 
this limit the intensity falls rapidly but not so abruptly as to give the 
effect of a spot of light. Holophane “focusing” reflectors give their 
maximum candle powers at about 10 deg. from the vertical. 

Prismatic-glass reflectors are used in many direct, semidirect, and semi- 
indirect luminaires. 

158. Mirrored-glass reflectors (Fig. 70) consist of clear glass plated on 
the back with pure metallic silver. The back of the silvered reflecting 
surface is protected by some covering in order to prevent deterioration of 
the reflecting surface. Mirrored-glass reflectors are manufactured for 



I. Distributing. II. Semiconcentrating. III. Concentrating. 

Fig. 70.—Types of mirrored-glass reflectors. (Curtis Lighting, Inc.) 


both direct and indirect lighting. Very accurate light control can be 
obtained with them. 

They may be obtained in distributing, semiconcentrating, and con¬ 
centrating types, the design of which is accomplished by varying the 
shape of the reflector. These distributions correspond to the three types 
of prismatic-glass units explained in Sec. 157. 

169. Combination glass and metal luminaires are used for both direct 
and indirect lighting. The metal part of the unit usually directs the light 
rays while the glass is used for diffusing the rays in the direct units and for 
decorative effect in the indirect units. 

160. Plastics have been substituted for glass in some of the cheaper 
luminaires. Since they usually absorb much more light than glass does 
and are subject to distortion and depreciation from the heat of the lamp, 
their use is recommended only for casual seeing where the lower first cost 
is of much more importance than operating results. 

161. Suspended mounting refers to hanging the luminaire from the 
ceiling with a chain, tube, conduit, or cord pendent suspension. Surface 
mounting refers to placing the body of the luminaire directly against the 
ceiling. Built-in mounting refers to placing the luminaire in recesses in 
the ceiling or on the walls or structural members, so that it forms a part 
of the architectural treatment of the building interior. 

162. Direct-lighting luminaires are manufactured in a large number of 
types in order to meet the varying requirements for the illumination of 





ft 1! 



Ill (a) Hood III (b) Hood 
for outlet box for conduit sus- 
cover pension 


11 . 

Ill (c) Threaded reflector with sepa¬ 
rate hood 



IV (a) Pendant IV (6) Refleetoi 
socket holder 


I 



II Turn-lock type. 


IV (c) Snap-on reflector 



Fio 71 —Assemblies oi enamelled steel reflectors (Benjamin Electric 

Manufacturing Co ) 
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industrial and commercial interiors. They are made in types to accom¬ 
modate incandescent, fluorescent, mercury, and combination of mercury 
and incandescent lamps. Luminaires for fluorescent lamps are being 
designed at such a rapid rate that it is difficult to determine which ones 
will become standardized as the most popular and effective. Since 
for the same total light output the longer lamps are cheaper both in initial 
cost for fixtures, wiring, and lamps, and in operating cost for power and 
lamp replacements, the tendency is to use the 40-, 65-, and 100-watt 
lamps with two, three, or four lamps per fixture wherever possible. The 
over-all cost for an installation with the larger lamps is about 20 to 25 per 
cent less than with 20-watt lamps. Wherever possible the direct rays of 
light should be shielded from the eyes by locating the lamps in coves 
or behind shielding strips or by using louvered glass or metal louvers in 
front of the lamps. 

The more common available types of direct-lighting luminaires are 
described in the following paragraphs: 

1. Enameled-steel reflector luminaires for incandescent lamps are 
made in several different types of assemblies of reflector, socket, and sup¬ 
porting member as shown in Fig. 71. One type, shown in Fig. 71, I, 
has a reflector and hood pressed in one piece. By loosening the nut at the 
top, the reflector will slide up on the stem exposing the socket for wiring. 
This is a weatherproof type for use outdoors and for indoor installation 
where interchangeability of reflectors and ease of cleaning are not the 
important considerations. With the turn-lock type of Fig. 71, II, the 
entire reflector and socket may be removed from the supporting cap 
by a quarter turn and taken down for cleaning. The prongs of the turn- 
locking device in addition to supporting the reflector and socket provide 
the electrical connection from the socket to the circuit terminated in the 
cap. This type is especially advantageous wherever the cleaning of 
reflectors in position is going to be difficult. The threaded-reflector type 
(Fig. 77, III) has a reflector which can be removed from the socket and 
hood by unscrewing. Several shapes of reflectors will fit the same hoods. 
Hoods are available with a threaded connection for fixture-stem suspen¬ 
sion or with a flange having holes for mounting as the cover of a 4-in. 
outlet box. With the threaded type the reflectors can be taken down for 
cleaning, and different reflectors inserted in the same hood, depending on 
the distribution curve of light desired. The snap-on type (Fig. 71, IV) 
is designed for fastening on pendent .sockets. The reflector holder snaps 
on the reflector, and then the whole assembly screws onto the threads on 
the outside of an ordinary brass socket. The vaporproof type (Fig. 71, 
V) is for interior use in wet atmospheres. It requires a cast outlet box 
with a threaded opening. The reflector is bolted to a ring which threads 
on the outside of the box opening. A threaded glass globe screws into the 
inside of the box opening against a gasket, which seals the box against 
entrance of moisture. A metal guard is used for low mounting heights 
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or other locations where it is necessary to protect the globe from mechan¬ 
ical injury. The guard screws on the outside of the box opening. 

These enameled-steel reflector assemblies are all available in several 
shapes for specific purposes as shown in Figs. 72 and 73. The flat cone 
(Fig. 72, I) and the shallow bowl (Fig. 72, II) are used for yard and aisle 




Klott Cone 1-Shotllcw Bo*<l J[-RLM Porne E-Deep Bow| 

Fig. 72.—Contour outlines of typical enameled-steel reflectors with their 
characteristic distribution curves. 

lighting for wide distribution of light, where the quality of the light is 
unimportant and glare from the partially exposed lamp not objectionable. 
The R.L.M. dome (Fig. 72, III) is a standard dome reflector which must 
comply with standard specifications of the Reflector and Lamp Manu¬ 
facturers as regards contour and quality of the porcelain reflecting surface. 
This type of reflector is the one commonly used for general interior indus- 



I - Reflector I- Craneway using angle ref lectors 


Fig. 73.—Elliptical-angle steel reflector. (Benjamin Electric Manufacturing 

Co.) 

trial lighting. The deep-bowl type (Fig. 72, IV) is used frequently where 
the units must be hung very low, as over workbenches. Angle reflectors 
(Fig. 73) are used in industrial lighting to supplement the overhead units 
in very high interiors and for special types of service which require very 
good illumination on vertical planes. They are used also for the lighting 
of billboards and painted signs. 
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2. Aluminum luminaires for incandescent lamps are chiefly of the high- 
bay type (Fig. 74). They provide more accurate control of light than is 
obtainable with the enameled-steel reflectors and are recommended where 
the mounting height is high compared to the width of the area to be 



I. Concentrating type. II. Spread type. 

Fig. 74.—Aluminum high-bay luminaires. ( Benjamin Electric Manu¬ 
facturing Co.) 


Openings for 
f /passage of 
—m/_ light upward 


lighted. The concentrating type (Fig. 74, I) is used where the units are 
sufficiently high so that it is best to locate the units closer together than 
the mounting height and for high-mounted units in narrow interiors. 
The spread type (Fig. 74, II) gives better illumination on vertical surfaces 
and may be used where the spacing is up to 1 Vi times the mounting height. 
The visor attachment (Fig. 74, III) is 
used where it is desired to cut off the 
light from one direction. These 
luminaires are made in the one-piece 
and in the turn-lock types as described 
under 1. 

3. The glassteel diffuser luminaire 
for incandescent lighting is a com¬ 
bination glass-and-steel direct-light¬ 
ing unit which is employed for high-quality industrial lighting. It con¬ 
sists of a completely enclosing opalglass globe (Fig. 75) mounted inside 
a dome-shaped, porcelain-enameled reflector. The porcelain reflector 
has the same general construction as the standard R.L.M. dome reflector. 
Small openings in the top of the dome allow a small portion of the light 


/ 


.Enameled 
4 steel reflector 


s Opal glass globe 
Fig. 75,—Glassteel diffuser. 
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to be directed to the ceiling. This illumination of the ceiling produces 
natural and cheerful working conditions whereas with the R.L.M. dome 
reflectors the ceiling is left in darkness. The enclosing globe of the glass- 
teel diffuser shields the lamp from view and diffuses the light, reducing 
the glare effect. The glassteel diffuser is made in all the types of 
assemblies explained under enameled-steel luminaires. 

4. Direct prismatic-glass luminaires for incandescent lamps are made 
in a number of different types as shown in Figs. 76 and 77. The low-bay, 



II. Low bay. III. Suspension. 

Fig. 76.— Diieet prismatic glass luminaires. 


V. Vapor pioot. 
(Holophane Co ) 


open-bottom type (Fig. 76, II) is designed for surface mounting for 
localized lighting with low ceilings, especially where machines are located 
in rows with the lights located over the aisles. The type of Fig. 76, IV, 
is for general lighting with low ceilings. In the suspension types, the 
high-bay one (Fig. 76,1) is used in the same way as the aluminum high-bay 
type described under (2). The suspension type of Fig. 76, III, is for 
general lighting with average ceiling heights. The stem has a ball-and- 
socket joint at the top to allow the unit to aligrf itself so that it will hang 
plumb. With Types II, III, and IV there is considerable glare, which 
may be objectionable if the luminaires are in the line of vision. The 
vaporproof type (Fig. 76, V) has an inner globe which threads into the 
hood and keeps out moisture. The built-in types shown in Fig. 71 
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usually have to be provided for with false ceilings, which may make the 
installation more expensive, but they provide a very good appearance 
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Fig. 77.—Built-in direct priBmatio glass luminaires for incandescent lamps. 

(Holophane Co,) 


as well as reduce the glare that is inherent in the suspended and surface- 
mounted types. 

Most of the types may be obtained in any one of the extensive intensive, 
and focusing classes, as described in Sec. 157. 
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The extensive types are primarily for lighting moderately small rooms 
(say 12 ft. square) with a single unit close to or built into the ceiling, or 
for larger rooms of low ceiling height to enable the use of fewer units of 
larger size spaced from 1to 2 times the mounting height. The inten¬ 
sive types are for evenly illuminating large rooms by means of units 
placed at the ceiling and spaced at 1 to 1*4 times the mounting height. 
This system is used commonly in industrial plants, restaurants, hotel 
and club lobbies, and halls of moderate dimensions where the lights are 
high above the plane of illumination. The classes of lighting for which 
'‘focusing” reflectors are designed include the illumination of tables, 
desks, display windows, store counters (by means of a row of lights 
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Fig. 78.—Method of mounting and covers for mirrored glasb iwioctois. 
(Curtis Lighting, Inc.) 


placed high and directly over them) and very high rooms (where they 
are used in the same manner as the intensive type). There are also 
available asymmetric reflectors by which most of the light rays are 
thrown toward one side of the reflector. This is effected by interior 
vertical prisms which redirect the light from the side where it is not 
needed. 

Asymmetric reflectors are employed for the illumination of show 
windows, station busses, aisles, passageways, and similar areas. 

5. Direct mirrored-glass reflectors for incandescent lamps (Fig. 70) 
are of the open-bottom bowl type, usually recessed in a metal housing 
in the ceiling (Fig. 78). This housing contains an outlet box, on the 
cover of which the reflector is mounted. The bottom of the luminaire 
may be left open or may be covered with a curved, crackled glass; a flat 
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sanded glass; metal louvers; or with glass and louver to minimize the 
glare (Fig. 78). 

6. Enameled-steel reflector luminaires for fluorescent lamps are shown 
in Fig. 79. They are supported either by chains as shown in II or by 
conduitB. In either case one of the supports must be from an 
outlet box so that the circuit wires may be brought down. The open- 
end type (Fig. 79, I) is the cheapest and is satisfactory for ordinary 
industrial use. The R.L.M. (Fig. 79, II) has been standardized in the 
same way as the R.L.M. dome for incandescent lamps as described in 1. 
It is a better quality fixture, and the closed ends present a somewhat 
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I. Strip type. {Curtis Lighting , Inc.) 
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Three light unit 


II. Bench type. {MUltrCo.) 

Fig. 80.—Alzak aluminum reflectors for fluorescent lamps. 


neater appearance. The skylux (Fig. 79, III) is designed for commercial 
use for surface mounting. The direct view of the lamp is cut off by the 
shield so that glare is minimized. A type for circular lamps provides a 
decorative unit with an even distribution of light in all directions in the 
lower hemisphere. 

7. The combination glass-and-steel enclosed type of luminaires for 
fluorescent lamps (Fig. 79, IV) gives a well-diffused glareless light for 
office installations. The fluted glass breaks up the direct rays of light 
and provides a high-quality appearance for the unit. 

8. Alzak aluminum reflectors for fluorescent lamps are intended 
principally for localized lighting. The strip types shown in Fig. 80, I, 
are mounted in continuous lengths, the rectangular section forming a wire- 
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way for carrying the circuit wires and providing a place to mount the 
auxiliaries. These are used for lighting relatively narrow areas such as 
showcases, pictures, wall niches behind silhouette signs, etc. The 
asymmetrical type throws the light to one side. The bench type (Fig. 
80, II) is designed primarily for mounting over benches and machines. 
It is made with concentrating distribution for lighting narrow areas. It 
is made in types to take any number of lamps from one to four, each lamp 
being located in its individual recess as shown in the end view. 



Fio. 81.—Louvered-steel luminaire for fluorescent lamps. ( F . W. Wakefield 

Brass Co ) 

9. A combination steel-and-aluminum luminaire for fluorescent lamps 

is shown in Fig. 81. It has a steel frame enclosing an Alzak aluminum 
reflector. The bottom contains egg-crate-shaped louvers which conceal 
the lamps from view and reduce glare. This unit is intended for store 
and office use. 

10. For Cooper-Hewitt mercury-vapor lamps the enameled-steel 
reflector as shown in Figs. 43 to 46 is the common type. The standard 
method of mounting Cooper-Hewitt lamps is by means of a two^point 
suspension. Various means of supporting are suggested in Fig. 82. 



1 1 1 1! J M 

Fig. 82 . —Methods of suspending Cooper-Hewitt lamps. 

11. Enameled-steel reflector luminaires for mercury Mazda lamps 

are made in several different assemblies as shown in Fig. 83. The unit 
of Fig. 83, I is the standard type made with the reflector and hood in one 
piece for conduit suspension. The glass diffusing band minimizes the glare 
from the mercury lamp. The luminaire of Fig. 83, II is totally enclosed 
for use in dusty atmospheres. The unit of Fig. 83, III has a reflector 
which is removable v from the socket for easy cleaning. In the disconnect- 
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ing type (Fig. 83, IV) the whole assembly of reflector, socket, and lamp 
can be removed from the hood by a slight turn. This provides for easy 
maintenance. 



I. Standard one-piece type. 


III. Threaded two-piece type. 


*Ftns for 
radlat/oo 
of heat 



Acid etched / 
diffusing glass coyer 



II. Dustproof type. IV Disconnecting type. 

Fig. 83 —Enameled steel direct luminaires for mercury Mazda lamps. 

{Miller Co) 


12. An Alzak aluminum luminaire for mercury Mazda lamps (Fig 84) 
is made for low-bay mounting. It contaips a glass diffusing band similar 
to the one in Fig. 83, I, to minimize glare. It is made in threaded and 
disconnecting types similar to those of Fig. 83, III and IV. 

13. Prismatic-glass luminaires for mercury Mazda lamps are made in 
two types. The low-bay type (Fig. 85,1) is for localized lighting, whereas 
the high-bay type (Fig. 85, II) is for general illumination with high 
mounting heights. Both types have a metal cover outside the glass for 
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r * i. 



Fig 84.—Alzak aluminum luminaire for mercury Mazda lamps (Miller Co ) 



I Low-bay type 
Iig 85 —Prismatic glass luminaires for mercury Mazda lamps 

Co) 


II High-bay type 

(Holophanc 




Fig 86 —Glassteel diffuser for mercury Mazda lamps (Miller Co ) 
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mechanical protection. The low-bay type has fins on the hood for heat 
radiation The high-bay type has a drip cover to protect the lamp from 
breakage due to ram from monitor windows or roof leaks The circula¬ 
tion of air around the socket m this type is sufficient for cooling 



a 

Lamp assembly with one meantUscent 
lamp 


a 

Lamp assembly with two incan¬ 
descent lamps 




itched diffusing glass (over 




b b 

I Glassteel diffuser {\TiU<r(o) II Dustproof type {Ben¬ 

jamin Electric Manufacturing Co ) 
Fig 87 —Luminams for combination 250-watt ineicury lamp with 1 or 2 
incandescent lamps 


14 The glassteel diffuser for mercury Mazda lamps (Fig 86) is similar 
to the one for incandescent lamps dest ribed in (3) except that on account 
of the length of the mercury lamp the glass bowl is set a little lower 
under the reflector. 

15 Luminaires for combination mercury Mazda and incandescent 
lamps are made in several tvpes, as shown in Figs 87 and 88 For the 
250-watt mercury lamp either the glassteel diffuser (Fig 87, I) or the 
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dustproof type (Fig. 87, II) is used, the latter in dusty locations. Both 
types are made for use with either one or two incandescent lamps, the 
arrangement of which is shown in the figure. With the 400-watt mercury 
lamp, three incandescent lamps are used as shown in Fig. 88, I. The 
R.L.M. with glass-diffusing-band dome (Fig. 88, II) is used for general 
lighting purposes, the high-bay type (Fig. 88, III) for high mountings, 
and the glassteel diffuser (Fig. 88, IV) for better quality glareless 
diffusion. These combination luminaires provide a well-blended com¬ 
bination of the detail-discerning quality of the mercury light with the 
color-correction quality of the incandescent light. 




w;. s 

Zi h Z 


Incandescent 

lamps 


•Mercury 

lamp 



I. Lamp-holder assembly. 


III. High-bay type. 


Enamelled 



II. R.L.M. dome. IV. Glassteel diffuser. 

Fig. 88.—Luminaires for combination 400-watt mercury lamp with three 
incandescent lamps. (Miller Co.) 

163. Built-in direct lighting, in which the lighting units arc recessed 
in the ceiling, mounted above skylights, or mounted on the surface of 
ceilings, is used in high-quality commercial locations. In addition to 
the types of luminaires discussed in Sec. 161, 4, several methods of locat¬ 
ing incandescent lamps behind diffusing-glass panels are used as shown 
in Fig. 89. The use of bare lamps set in cornices or troughs is illustrated 
in Fig. 89,1. This provides a bright cheerful atmosphere for a high-class 
specialty shop. Methods of locating direct luminaires of the types 
discussed in Sec. 161 behind wide diffusing-glass skylights are shown in 
parts II and III of the figure. These are particularly applicable to 
theaters, assembly halls, and large lobbies. Where there is an actual 
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skylight above the artificial skylight a blending of natural with artificial 
light is possible m the daytime as shown m Fig 89, III. 



I Projecting type glass ceiling panels 



II Flush type or skylight sections 



III Combination skylights, artificial and natural light 
Fig 89.—Types of built-in direct lighting (Gineral Electric Co ) 


164. Semidirect luminaires for incandescent lighting arc not very 
common. The best designed types are shown m Fig. 90. The prismatic- 
glass type (Fig. 90, I) is made in the suspension and surface-mounted 
types as shown. It is an efficient luminaire for commercial use and 
creates a bright cheerful atmosphere, although a trifle glary. As shown 
in the sectional view the glass consists of two parts: the main prismatic 
reflector and a bowl-shaped member in the center of which is a removable 
plate to permit easy relamping. The luminous square (Fig. 90, II) is 
adaptable to high-class stores where the built-in type of lighting is desired 



I (a). Suspension type. 


l--^SiRiSSBSP 

II. Luminous square. (Holophane Co.) 



1 (c). Sectional detail. III. White globe with parchment 

shade. (General Electric Co.) 

Fig. 90.—Semidirect luminaires for incandescent lamps. 
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but was not provided for when the ceiling was formed. The square 
mounts on the surface of the ceiling with an extension ring to fit over an 
existing outlet box to bring in the wiring. The bottom of the square 
consists of prismatic lenses above which are open-neck prismatic-glass 
reflectors, 'fhe sides of the square are enclosed with opal-glass panels. 



Fia. 91.—Types of open opal-glass reflectors. (Miller Co.) 

Most of the light is directed downward by the reflectors and lenses, but 
a considerable portion escapes to the side panels and is diffused to the 
ceiling. 

A method of using parchment shades over an opal-glass enclosing 

globe is illustrated in Fig. 90, III. The shades are white on the inside, 
and their conical shape directs a large part of the light downward, but 

as the shades are open at the 
top some light is permitted 
to reach the ceiling. This 
i*> an efficient method of pro¬ 
viding a glarefree light for 
an office. It is more 
adaptable to improving an 
existing installation of opal- 
globe luminaires than for 
new installations, because 
the life of the parchment 
Fig. 92.— Semidirect luminaire for fluoies- shades is limited, especially 
cent lamps. (Hygrade Sylvania Co.) jf the atmosphere is dirty. 
This type of luminaire is frequently employed in certain types of interiors 
for the artistic effect produced by the combination of the shades and 
globe. 

Open-bottom types of opal-glass reflectors (Fig. 91) find a limited 
application in domestic use and as an economical means of providing 
localized lighting in out-of-the-way places wher? appearance is secondary. 
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1. Diamond shaped with II. Spherical globe with III. Trojan glassware 
stem suspension. chain suspension. with surface mounting. 

Fig. 93. —General diffuse luminaiies for incandescent lamps. {Miller Co.) 

166. A semidirect luminaire for fluorescent lamps is shown in Fig. 92. 
An Alzak aluminum reflector which is partially 
open at the top permits part of the light to reach 
the ceiling directly. The rest of the light is 
directed downward through a d iff using-glass 
panel. This luminaire is designed for com¬ 
mercial use where a good appearance with a 
fairly bright ceiling is more desired than low 
first cost. 

166. General diffuse luminaires are usually 
of the totally enclosing, opal-glass type (Fig. 

93). The enclosing globes are made in a great 
variety of shapes with plain-glass finish as 
shown in Fig. 93 or with decorative designs as 
shown in Fig. 94. The globes diffuse the light 
well in all directions but have very little light¬ 
directing ability. The shape of the globe 
depends mostly on personal taste, so that it will 
harmonize with the surroundings. Any of the 
globes may be used with the stem suspension 
(Fig. 93, I), the chain suspension (Fig. 93, II), yiq . 94.—General dif- 

or the surface mounting (Fig. 93, III). The fuse luminaire with 
stem suspension presents a neat appearance, decorated glass globe, 
whereas the chain suspension has the advantage ^ 
that the length of the suspension can be readily 
varied. Surface mounting is used mainly with low ceilings. 
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167. The great majority of semi-indirect lighting units are constructed 
of opal glass. They may be of the completely enclosing or of the open- 
top type. The globes of the completely enclosing type a/re constructed 
of two different grades of glass (Fig, 95, I). The top of the globe is 


* * a 

Knockout for 
canopy switch 

Sl/p canopy / 

Semi-rigid joint 

One piece stem- -> 




I. Opal glass enclosing globe. ( West- 
inghouse Electric & Manufacturing Co.) 





III. Prismatic glass. (Holophane Co.) 
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Cvling^St. 
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II. The “Brascolite.” (Self-con¬ 
tained reflecting plane is provided in lieu 
of reflecting ceiling.) {Edwin J. Guth Co.) 



IV. Characteristic curve. 


Fig. 95.—Semi-indirect luminaires for incandescent lamps. 


made of either clear or light-density glass, while the lower portion is 
made of dense glass. This construction directs the greater portion of 
the light to the ceiling, from which it is reflected back into the room. 
The open types (Figs. 95, II, and 96) are not so satisfactory because of 
the collection of dust inside the globe. The advantage of the one shown 
in Fig. 95, II, is that it provides its own reflecting plate so that it may be 
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used on ceilings which are not good reflectors. The prismatic-glass type 
(Fig. 95, III) presents a more decorative appearance than the opal-glass 
type. The prisms in the lower half of the unit are so molded that they 
redirect most of the downward light upward to the ceiling. A sufficient 
portion of the light is transmitted through the lower half of the globe to 
make the bowl luminous. A surface-mounted type of the same design 
is also available. An open semi-indirect bowl made of plastic is shown in 
Fig. 96. It has about the same characteristics as the prismatic-glass one, 
but is slightly cheaper and less efficient. 



Opal glass plate 


Fig. 96. —Plastic semi- Fig. 97. —Semi-indirect lumi- 

indirect luminaire for in- naire for mercury Masda lamps, 

candescent lamps. {MU- {Miller Co.) 

ler Co.) 

A type of aluminum and glass semi-indirect luminaire for mercury 
Mazda lamps is shown in Fig. 97. The combination of polished alumi¬ 
num rings, clear aluminum reflecting plates, and opal-glass plate presents 
a very decorative appearance for high-quality commercial use. 

168. Luminaires for indirect lighting are made in many different styles 
to suit individual desires. Indirect lighting is coming to be the standard 
for commercial lighting on account of the well-diffused illumination which 
it provides, with absolutely no glare. Indirect luminaires are usually 
stem-supported for neatness of appearance. Some of the more common 
available types of indirect-lighting luminaires are described in the follow¬ 
ing paragraphs. 

1. Alzak aluminum luminaires for incandescent lamps are shown in 
Fig. 98. An all-aluminum type is shown at I in the figure. It is a very 
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efficient unit with the collar providing a very wide distribution charac¬ 
teristic. The dark appearance of the underside of the unit is not so 
pleasing as the appearance of the luminous-bowl type shown at II. 
Enough light filters through the opal-glass bowl in this luminaire and is 
reflected up on the outside of the aluminum reflector to take away the 
dark appearance of the all-aluminum type. 

2. Enameled-steel indirect luminaires for incandescent lamps are also 
made in the same types as shown in Fig. 98 with the outside finished in 



I. All aluminum. II. Luminous bowl. 


Fig. 98.—Aluminum indirect luminanos foi incandescent lamps. {Edwin 

F. Gvth Co ) 

ochre with white bands The appearance is somewhat better, but the 
cost is slightly higher than for the aluminum. 

3. Glass indirect luminaires for incandescent lamps (Tig. 99) arc made 
in both surface-mounted and suspended types. The bottom of the glass 
bowl may be either plain or decorated with bands or designs. The glass 
bowls are generally open at the top. The glass is very dense, allowing 
only a small portion of the light to be directed downward to provide a 
warm glow, but the brightness of the under surface is such that the unit 
blends with the ceiling and is very inconspicuous. 

4. Indirect luminaires employing mirrored-glass reflectors for use 
with incandescent lamps are shown in Figs. 100 and 101. Many differ¬ 
ent designs of shields to conceal the mirrored-glass reflector are available, 
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three of which are shown. The aluminum one shown at Fig. 100, I has 
the same disadvantage of dark outer appearance as discussed previously. 


The type shown at II has openings 
allow some rays of light to be re¬ 
flected down the outside of the 
shield and relieve the dark appear¬ 
ance. By painting the inner surface 
of the turned-down edge, colored 
effects may be produced. This de¬ 
sign is also made in the suspension 
type. The opal-glass shield shown 
in Fig. 101 provides a pleasing 
bright appearance. 

5. Two types of plastic indirect 
luminaires for incandescent lamps 
are shown in Fig. 102. As shown 
by the characteristic curve at III a 
very small percentage of the light 



Fig. 99. —Suspended type glass 
indirect luminaire for incandes¬ 
cent lamp. (W eatinghouse Elec¬ 
tric & Manufacturing Co.) 


inside the turned-down edge which 
~ ' 


I 



I. Suspended type. 



¥ 


II. Surface-mounted type. 

Fig. 100. —Indirect luminaires with 
mirrored glass reflectors and alumi¬ 
num shields. (Curtis Lighting , Inc.) 


passes through the reflector and gives it a light appearance. Plastic 
reflectors are cheaper than the other types discussed but are slightly less 
efficient and may be distorted and deteriorated by thereat if large-sized 
lamps are used. 
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6. Indirect luminaires for silvered-bowl incandescent lamps, similar 
in appearance to many of the designs discussed in the previous para¬ 
graphs, are available. Silvered-bowl lamps are more expensive than 

clear lamps, but the luminaires have a 
higher efficiency, and in many cases it 
can be proved that the cost of light 
per foot-candle is cheaper with 
silvered-bowl lamps than with clear 
lamps. A trough type of indirect 
luminaire for industrial use over in¬ 
spection tables is shown in Fig. 103. 
This unit provides good local illumina¬ 
tion with very little glare. 

7. Built-in luminaires may be used 
in many ways to provide indirect 

Fig. 101.—Opal-glass shield. H S htin g in connection with the interior 

architectural design of commercial 
buildings. The use of coves recessed m the wall a short distance from 
the ceiling is shown in Fig. 104, I. These coves employ a large number 
of lamps of relatively small size and are especially useful in providing 



Fig. 102.—Plastic indirect luminaire for incandescent lamps. (F. W. 
Wakefield Brass Co.) 


changing color effects by using several circuits and providing the lamps 
of each drcuit with caps of a different color. Domes and ceiling recesses 
may be lighted as shown in Fig. 104, II. This method is common for 
hallways or reception rooms. Wall urns as shown in Fig. 104, III are 
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also used in reception rooms and sometimes in private offices. Coves 
on top of columns are common for high-ceiling public interiors. Where 
there are low partitions or bookcases, troughs may be mounted on top of 
them as shown in Fig. 104, IV, to provide concealed indirect lighting. 
In general, built-in indirect lighting is less efficient than using the lumi- 



Fig. 103.—Indirect trough for silvered-bowl incandescent lamps. (Edward 

J. Gvth Co.) 

naires described in the previous paragraphs because the less efficient 
small-sized lamps are used, and losses by multiple reflection are greater. 
Their main field of application is for low illumination levels where the 
pleasing impression, created in the minds of those who use the buildings, 
is of greater importance than efficiency and low operating cost. 




Shallow ceiling coffer 

H* Coffers and domes 



urn Wall box 


M’Wall urns and column coves 



Trough section for 
bank screens and 
/owpartitions 


Indirect reflector 
box type housing 
for high counters 
and shelves 



Trough reflector 
atop bookcases 
or shelving 

Bf-Concealed troughs 


Fig. 104.—Types of built-in indirect luminaires for incandescent lamps. 


8. For indirect lighting with mercury Mazda lamps the aluminum-glass 
unit of Fig. 105 is available. This is constructed similar to the one in 
Fig. 98, II, with two sockets, one for a 250- or a 400-watt mercury lamp 
and the other for a 300* or 500-watt incandescent lamp. The lamps are 
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Alzak 

afumtnvm 

reflector 



Transformer 

canopy 


placed in an X formation and the light from the two is blended by cross 
reflection. 

169. Selection of Luminaires. —The type of luminaire employed will 
affect (1) the amount of power required to produce a given illumination 
on the working plane, (2) the degree to which glare is eliminated, and 
(3) the character of the shadows produced. Unfortunately, there is no 
one type of equipment that will most satisfactorily meet all the conditions 

affecting the character of illumina¬ 
tion. The types of luminaire which 
are the most effective with respect to 
the production of a given intensity 
and maintenance cost are not so 
effective in eliminating glare and 
reducing shadows. 

The following rules are intended to 
serve as a general guide in the selec¬ 
tion of luminaires. 

1. Direct-lighting equipment of 
the porcelam-enameled-steel and 
Alzak-a 1 u in i n u m-reflector types 
(Sec. 162, (1) and (2)) are the most 
efficient with respect to the power 
required to produce a given intensity 
of illumination and are lowest in first 
cost. Although they do not elimi¬ 
nate shadows and guard against glare, 
they are perfectly satisfactory for the 
average industrial installation, when 
properly installed. Ot these types 
the R.L.M. reflector is the most 
widely used for industrial work. 

2. Direct-lighting equipment of 
the glassteel-diffuser and prismatic- 

glass and mirrored types (Sec. 162, (3), (4) and (5)) are not quite so 
efficient with respect to the amount of power required for a given intensity 
of illumination and are more expensive, but they are considerably better 
in eliminating glare and shadows. The small portion of the light which 
is directed to the ceiling produces a better appearance of the lighted area 
and much more cheerful working conditions. These units are suitable 
for the better class of industrial installations and for some commercial 
applications where cost is of greater importance than appearance. 

3. Semidirect- and general diffuse-lighting equipments (Secs. 164 to 
166) are not so efficient as the direct types but are much more efficient 
than the semi-indirect and indirect types, as far as power cost is concerned. 
Care should be exercised in selecting a particular unit of this type to 
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Fig. 105.—Indirect luminaire foi 
combination mercury Mazda and 
incandescent lamps. (Edwin F. 
Guth Co.) 
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obtain one with a globe of sufficiently dense glass and of sufficient diameter 
for the size of lamp employed so that the intrinsic brilliancy of the globe 
will not be so high as to cause discomfort or harm to the eyes. Too low 
mounting and too wide spacing should be guarded against. These light¬ 
ing units are used considerably for commercial installations where the 
higher cost of the indirect lighting is not considered warranted. 

4. Semi-indirect-lighting equipment (Sec. 167) eliminates most of the 
trouble with glare and shadows and provides a cheerful effect. This 
type is suitable for the better grade of commercial establishment where 
a slightly more efficient unit than the indirect type is desired. 

5. Indirect-lighting equipment entirely eliminates glare and shadows 
but is the most expensive as to power requirements and also, in most 
cases, as to first cost. This type is suitable for the highest quality of 
commercial installation where artistic effect, high intensity illumination, 
and absence of glare are the important considerations. For the best 
effect it is desirable to select a unit which is luminous on the bottom and 
not totally dark. 

170. The size of luminaire for incandescent lamps should be such that 
the wattage rating of the lamp to be used with it will correspond to the 
wattage rating of the luminaire. This is necessary for the proper dis¬ 
tribution of light, for adequate dissipation of the heat produced by the 
lamp, and for preventing excessive brightness of the unit. An exception 
to this is that a smaller sized lamp may be used if an adapter is used in 
the socket to bring the lamp bowl into the proper position in the luminaire. 
When replacing lamps always use the same size as was used previously 
unless careful investigation is made as to whether a different size will be 
satisfactory. With mercury-vapor and fluorescent lamps the design is 
such that only one size of lamp will fit a particular luminaire, and it is 
impossible to use the wrong size of lamp. 

PRINCIPLES OF LIGHTING-INSTALLATION DESIGN 

171. The general purpose of artificial lighting is to enable things to be 
seen readily. Since things are seen by the light which is reflected from 
them (see Brightness, Sec. 39) into the eye, 
it is necessary, in an effective lighting 
installation, that the lighting units be of 
such number and so arranged as to render 
most easily seen those things which it is 
desired to see. To accomplish this, 
recognition must be made of the effect of 
light on the human eye. 

172. Physiological Features of Artificial Lighting. —To appreciate 
properly the principles of scientific lighting, it is necessary to understand 
the mechanism of the eye. Figure 106 (from “Primer of Illumination,” 
copyright by Illuminating Engineering Society) shows the parts of the 



Fig. 106.—The eye—essen¬ 
tial parts shown in section. 
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eye as they would appear if it were cut through from back to front 
vertically. In the process of seeing, the light passes through the cornea, 
pupil, and lens of the eye to the retina, just as in a camera light passes 
through the lens to the sensitized film. The picture is formed on the 
retina, which is a layer made up of the ends of nerve fibers which gather 
into the optic nerve and go directly to the brain. 

173. The optic nerve sends along the picture to the brain. The lens 
of the eye, unlike that of the camera, automatically changes in thickness 
to focus or make a clear image on the retina for seeing at different dis¬ 
tances. This focusing action is called the accommodation of the eye, 
and when the light is dim or bad the focusing muscle vainly hunts for 
some focus which may make objects look clear and gets tired in trying 
to do it. The muscles which move the eye about also get tired in the 
same way, and the result is eyestrain, which stirs up pain and headache 

just as any other over¬ 
tired 
body 
ache. 

174. The iris (which 
gives the eye its color) 
serves to regulate the 
amount of light which 
reaches the eye. In 
very dim light it opens 
out making the pupil 
big, as shown in Fig. 
107, and in very bright light it shuts up as shown and thus keeps out a 
flood of brilliant light which might hurt the retina. The protective action 
of the pupil is fairly good but by no means complete, for it seldom becomes 
smaller than shown in the illustration, however bright the light. From a 
study of Fig. 107 we may deduce: 




muscles of the 
may set up an 


Expanded when Illumination Contracted to Shut out 

1$ Dim. Excessive Light. 

Fig. 107, —Expansion and contraction of the pupil 
of the eye. 


1. When trying to see any object, do not allow a light to shine into the eyes, and do 
not face a brightly lighted area. In addition to tiring the retina, the superfluous light 
causes the pupil to contract, so that less light from the lighted object reaches the retina. 
An object which would seem well lighted in a room with dark walls, and with no light 
shining in the eyes, will appear poorly lighted in a bright room with light walls, or when 
a light is shining in the eyes, simply because the pupil is smaller. This also explains 
why a higher light intensity is necessary in the daytime than at night. It is generally 
easier to read with the same light source in a room having dark walls than if the walls are 
light in color—though the total illumination on the page will probably be less. Reflected 
light from glossy paper produces the same effect as light surroundings. The effect pro¬ 
duced by a light shining directly into the eyer is termed glare (see Sec. 88 ). 

2. A fluctuating light causes the pupil to be constantly changing. This is very tiring 
to the muscles which control the iris, and if long continued may even work a permanent 

injury. 

3. The lens of the eye is not corrected, as is a photographic lens, for color variations. 
It cannot focus sharply red and blue light from the same object simultaneously, although 
this is ordinarily not noticed. As white light is composed of all colors, it follows that we 



Dlv. »] 


ELECTRIC LIGHTING 


1453 


can see more dearly, i.e. t objects appear sharper and more distinct, by a monochromatic 
light (light of only one color) than even by daylight. The light from'the mercury-vapor 
lamps closely approximates this condition. 

4. Illumination should be uniform; otherwise the eye, in continually attempting to 
adapt itself to the unequal conditions, becomes tired in the same way as with a fluctuat¬ 
ing light. 


Correct lighting enables one to see clearly with minimum tiring of the 
eyes. To secure this, all the above conditions must be satisfied. 

175. The requirements of a satisfactory lighting installation (Ward 
Harrison, Electric Lighting) are: (1) Sufficient light of unvarying intensity 
on all principal surfaces, whether horizontal, vertical, or oblique planes. 

(2) A comparable intensity of light on adjacent areas and on the walls. 

(3) Light of a color and spectral character suited to the purpose for which 
it is employed. (4) Freedom from glare and from glaring reflections. 
(5) Light so directed and diffused as to prevent objectionable shadows or 
contrasts of intensity. (6) A lighting effect appropriate for the location 
and lighting units which are in harmony with their surroundings, whether 
lighted or unlighted. (7) A system which is simple, reliable, easy of 
maintenance, and in initial and operating cost not out of proportion to 
the results attained. The neglect of any one of these requirements may 
result in an unsatisfactory installation. 

176. Intensity of Illumination.—Although the eye is capable of adjust¬ 
ing itself to perceive objects over a wide range of intensities, the speed 
of this perception and the 
ability to distinguish 
fineness of detail is im¬ 
proved as the intensity 
increases, until the inten¬ 
sity becomes so great that 
a blinding effect is pro¬ 
duced. An intensity of 
illumination that will be 
so high as to produce a 
blinding effect is, how¬ 
ever, far above the range 
of intensities utilized in 
artificial illumination. 

The effect of the intensity 
of illumination upon the 
length of time required 
for the perception of objects is shown in Fig. 108. The effect of the inten¬ 
sity of illumination upon the length of time required for the discrimination 
of detail is shown in Fig. 109. From a study of the curve of Fig. 108 it is 
seen that the speed of perception increases approximately proportionally 
to the intensity of illumination, until an illumination of 5 ft.-c. is reached. 
Above this point the increase in speed of perception for a given increase 
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Fig. 108.—Effect of intensity of illumination 
upon time required for perception. {General 
Electric Co ., Nela Park Engineering Department.) 
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in intensity gradually decreases. From these facts a few years ago it 
was erroneously considered that intensities of illumination above 5 ft.-c. 
were of little practical value in making things more clearly seen. That 
this is not true has been definitely proved not only by laboratory tests 
but also by practical tests in actual working areas. High levels of 
illumination have been found to result in an actual saving in dollars and 
cents owing to the increased production and decrease in spoilage produced 
by their use. Recommended values of intensities are given in Tables 
200 and 201. 



Fig. 109.—Effect of intensity of illumination upon time required for discrimi¬ 
nation of detail. {General Electric Co., Nela Park Engineering Department.) 

177. Blink Test. —In order to have some definite and scientific way 
of measuring eyestrain and fatigue, the General Electric Co. devised the 
“blink” test. In this test the number of blinks per minute which the 
eye makes involuntarily are counted. This is done when the eyes are 
in a rested condition and then again after an hour of work at the various 
usual tasks of the individual under different levels of illumination. The 
rate of increase in blinking is taken as a measure of eye and nerve fatigue. 
The rate of blinking always increases some with working or reading, but 
the higher the illumination intensity, up to at least 75 or 100 ft.-c., the 
lower is the rate of blinking, especially where attention to fine detail is 
required. The results of these tests have been considered in making up 
the values for Tables 200 and 201. 

178. Elimination of Glare. —The greatest care should be exercised in 
designing a lighting installation to avoid the presence of any one of the 
three types of glare described in Sec. 38. In order that a lighting unit 
which is in the central portion of the visual field will not produce glare, 
its brightness should not exceed from 2 to 3 candles per sq. in. of apparent 
area. If the eyes are not to be fatigued, when the unit is viewed con¬ 
tinually, the brightness should not exceed candle per square inch of 
apparent area. The maximum permissible brightness is, of course, 
influenced by the darkness of the surroundings. 
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No less important than the elimination of direct glare is the avoidance 
of reflected glare or specular reflection. Its effects are often more harm¬ 
ful than those due to direct glare. The use of highly polished furniture, 
plate-glass desk tops, and glossy finishes on walls should be avoided. A 
large expanse of too light finished wall surface will be a cause of harmful 
glare in offices, schoolrooms, and other locations where the occupants of 
the room must sit facing the wall for long periods of time. Although it 
is always desirable to have walls finished in light colors such as cream or 
buff in order to utilize as effectively as possible the light emitted by the 
source, the reflection factor of the lower walls should not be so high as to 
cause eye fatigue to the occupants. For rooms where the occupants must 
face the walls for long periods of time, the reflection factor of the part of 
the wall below eye level should not be greater than 50 per cent. 

179. Production of Shadows.—The character of the shadow cast by 
an object depends upon the uniformity of the illumination in the area 
and upon the direction of the light falling upon the object. If the light 
falling upon an object is coming from one direction only, a sharp dense 
shadow will be cast. As the number of the directions in which light is 
impinging upon an object is increased, the sharpness and denseness of 
the shadow cast will be reduced. A shadow will still be cast even if the 
object is illuminated from all directions, unless the intensity of the illumi¬ 
nation is the same in all directions. In order, therefore, completely to 
eliminate shadows, the illumination must be uniform and completely 
diffused, t.e., so the illumination of any point will be produced by light 
from all directions. The less uniform the illumination is or the fewer the 
directions of light falling upon an object, the more dense and sharp will 
be the shadows cast. 

The desirability of shadows in an illuminated area depends upon the 
nature of the installation. In no installation is it desirable to have com¬ 
plete uniformity of illumination, i.e., illumination with no shadows or 
contrast in the intensity of illumination. Such illumination would 
produce a cold and flat effect that would be tiresome to the eye. Neither 
could the shape and contour of objects be discerned. On the other hand, 
it is equally bad to have illumination which results in very dark, dense 
shadows and excessive contrasts in the intensity of illumination of differ¬ 
ent areas. Such illumination would be very hard on the eyes, owing to 
the continual change in the size of the retina as the field of vision is varied. 
When shadows are too dark an object cannot be distinguished from its 
shadow, the shape of the object is not clearly seen, and objects in the 
shadows are not discernible. These conditions are frequent causes of 
accidents in poorly illuminated areas. 

Shadows of the proper quality are of great value in observing objects 
in their three dimensions, in determining the shape of an object, and in 
determining irregularities in surfaces. They are of no value in the 
observation of plane surfaces. Shadows should never be dark and dense. 
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Where shadows are essential, they should be soft and luminous so that 
the object is clearly discernible from its shadow, and so that there is no 
great marked contrast in intensity of illumination. 

180. Uniformity of illumination is usually expressed as a maximum 
deviation from the average or mean intensity of illumination. It is not 
necessary to have the illumination of an area exactly uniform in order 
that the contrasts in the illumination of different portions will be unob¬ 
servable by the eye or so that the shadows will be too dense or sharp. 
The degree of uniformity of illumination obtained depends upon the ratio 
of the spacing distance of the lighting units to their mounting heights. 
For any reflector there is a maximum spacing of the units for a given 
mounting height that should not be exceeded if satisfactory uniformity of 
f illumination is to be ob- 

20 . .tained. The effect of 

the spacing of the units 
upon the uniformity of 
illumination is i 11 u s - 
trated in Figs. 110 and 
110A. Although this 
maximum spacing dis¬ 
tance varies somewhat 
for reflectors giving 
different distribution of 
the light emitted by 
them, it is a good general 
rule to make the spacing 
distance equal to the 
mounting height. A 
greater spacing distance 
is likely to result in 
sharp and too dense 
shadows. One need not 
hesitate to use a closer 
spacing distance than 



Fig. 110.—Nonuniform illumination, too great 
spacing between units. (Foot-candle values 
based on 200-watt units.) 



Fig. 110A.—Uniform illumination, proper 
spacing of units. (Foot-candle values based 
on 200-watt units.) 


that equal to the mounting height if desired, since the closer the spacing 
the more uniform will be the illumination of the area. For the average 
installation it is best to keep the spacing distance of the units within the 
values of Table 195. Where the ceiling is exceptionally high, closer spac¬ 
ing distances than these may be advisable in order to reduce the density of 
the shadows. In the illumination of certain areas such as storage spaces, 
it is permissible to space the units slightly farther apart. 

181. Methods of Illumination. —With respect to the arrangement of 
the light sources the methods of illumination may be divided into four 
classes as follows: 
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1. Localized. 

2. General. 

3. Group or localized general. 

4. Combination of general and localized. 

In the localized method an individual lighting unit of small wattage 
is supplied for each worker, machine, or workbench; the units are sup¬ 
ported at a low level so as to bring the light close to the work. There 
is no attempt to produce uniform illumination over the total area. 

With the general illumination method the lighting units are supported 
fairly close to the ceiling or at least a considerable distance above the 
working plane. They are spaced uniformly throughout the area without 
special regard to the location of machinery, furniture, etc., and at such a 
distance from each other as to give nearly uniform illumination. 

The group method is somewhat of a compromise between the localized 
and general methods. The lighting units are mounted close to the ceiling 
or at a considerable distance above the working plane. The units are 
not spaced uniformly but are located with respect to the machinery, 
position of operators, etc., so as to give sufficient illumination for work 
at each machine. The illumination of the area is not uniform. 

In the combination of general and localized methods uniform illumina¬ 
tion is supplied over the complete area by means of units located accord¬ 
ing to the general method. This illumination is supplemented with local 
lights for certain operations that require a higher intensity than that 
required for the main area. 

182. Comparison of Methods of Illumination.—The localized arrange¬ 
ment of lighting units in industrial and most commercial applications 
should be a thing of the past and should never be tolerated. It produces 
very dense shadows and such low intensities in the general area that it is 
likely to be the cause of very serious accidents. Such a method will 
prove to be very harmful to the occupants of the room, owing to direct 
glare from the low-hung lamps and may so blind the operators of machines 
that they will be severely injured. 

For the great majority of installations the general method of arranging 
the light sources is the most satisfactory. It is the method most com¬ 
monly employed. For some classes of work which require a very high 
intensity of illumination at the working point it would not be economical 
to light the whole area to this high intensity. These conditions can be 
satisfactorily met by means of the combination of the general and 
localized methods, provided the local lamps are well shielded to prevent 
the possibility of glare. With the combination method the ratio of 
local to general illumination intensity should not be greater than 10:1. 
In other words, if some operations require 75 ft.-c. the general illumina¬ 
tion should be not less than ft.-c. 

In some places where there are machines with large overhanging parts, 
and in rooms with high obstructions, the group method will direct the 
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light upon the working parts better than the general arrangement. The 
group method is frequently a good arrangement for rooms containing a 
number of similar machines arranged in rows. 

183. Effect of Proportions of Room. —Of the light which strikes the 
walls of a room only part is reflected back into the room to become useful 
upon the working plane. Consequently, the greater the proportion of 
the total light that is directed to the walls, the lower is the intensity of 
illumination on the working plane; or, stated in another way, the greater 
the proportion of the total light that is directed to the walls, the larger 
must the lamps be to produce a given intensity on the working plane. 
The proportion of the light that strikes the walls depends upon the size 
of the room and the height at which the units are mounted. In a large 
room the ratio between the wall area and the floor area is less than for a 
small room. Thus, for the same mounting height a smaller proportion 
of the total light will strike the walls than in a small room. In large 
rooms, therefore, less light is absorbed by the walls than in small rooms. 

In a room of given dimensions, if the mounting height of the units is 
increased, more light will fall upon the walls. One should be careful not 
to get the impression that it is best to mount the units as low as possible. 
Although less light is absorbed by the walls with low-hung units, there 
are other more important factors that are affected by the mounting 
height. As the mounting height of the units is reduced, the spacing 
between them must also be reduced in order to produce uniform illumina¬ 
tion and so that the shadows will not be too dense. The cost of installing 
a large number of small units is greater than that of installing a smaller 
number of larger units. Also, the larger-sized lamps are much more 
efficient with respect to the number of lumens produced per watt. As 
a result, the saving from the use of large units mounted high more than 
offsets the increased absorption of light by the walls. For practically 
all installations it is best to mount the units as high as possible. There 
is less probability of glare with high-mounted units than with low-hung 
ones, since the units are not so likely to be in the field of view. 

Table 197 classifies room proportions, dependent upon their effect upon 
the useful illumination, into 10 classes as indicated by letters A to J. 
This serves as a reference index for use with Table 199 in determining 
the coefficient of utilization. 

184. Effect of Character of Finish of Walls.—Of the light that falls 
upon the walls or ceiling of a room the percentage that is reflected back 
into the room depends upon the color of the wall and ceilings and the 
type of paint employed. The lighter the color, the greater will be the 
coefficient of reflection. The reflection factor of two freshly painted walls 
of practically the same color may differ, however, by several per cent, 
depending upon the grade of paint employed. The reflection factor of a 
surface decreases as time elapses after the painting. The amount of this 
depreciation in reflecting power varies widely with different grades of 
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paint. It is important to have the walls and ceiling light in color and to 
employ a good grade of paint which will have a high initial reflection 
factor that does not depreciate an excessive amount with age. The 
walls, however, should not be made so bright as to be a source of glare 
(See Sec. 178). 



(<*) ( 6 ) 


Four Units per Bay. —This is the Four-two System. —This is equlv- 

most common system for the alent to three units per bay and is 

square bay of usual dimensions. an alternative to four per bay 

where spacing allows. 





0 c)) 

Two Units per Bay. —Usually 
applicable only in narrow bays 
where the width is less than two- 
thirds the length. 


(d) 

One Unit per Bay. —A very 
common practice, but satisfactory 
only where bay size is no greater 
than the maximum permissible 
spacing—an unusual condition. 



M (f) 

Staggered System. —A recourse Interspaced System. —Applicable 

where one unit per bay is unsatis- in rectangular bays where one unit 

factory and where four per bay is per bay would exceed the per- 

unnecessary. Less favorable missible spacing in one direction, 

appearance, and certain areas near and where center row will not 

walls may be inadequately lighted. interfere with future structural 
Often expensive to wire. arrangements, such as added office 

partitions. 

Fia. 111.—Layouts of lighting units for symmetrical spacing. {General 
Electric Co., Nela Park Engineering Department.) 

185. Location of Lighting Equipment.—The lighting units for general 
illumination should be located symmetrically throughout the area to be 
illuminated. When the room is divided into bays by means of columns, 
roof trusses, or girders, or when the ceiling is divided into panels, the 
units should be arranged symmetrically, for the sake of appearance, with 











1460 


AMERICAN ELECTRICIANS ' HANDBOOK [Div. 9 


respect to such architectural divisions, provided it will not interfere with 
the uniformity of illumination. Typical layouts of lighting units are 
given in Fig. 111. In order to obtain uniformity of illumination (see 
Sec. 180) a layout should be chosen which will provide a spacing between 
units no greater than that given in Table 195. 

Where the number and location of lighting outlets are not automatically 
determined by architectural considerations or by the arrangement of the 
furniture and fixtures, it is desirable to arrange the lighting outlets in the 
form of squares or rectangles. It is important that the units be placed 
at the centers of the squares and not at the corners. Figure 112 shows a 
method of locating outlets which is undesirable because it gives a very 
low intensity of illumination near the walls compared with that at the 



Fig. 112. —Wrong arrangement Fig. 113. —Correct arrangement 

of lighting units. of lighting units. 


center of the room. Figure 113 shows the correct method of locating 
outlets in the centers of the squares. In certain cases, notably in office 
lighting and in rooms with benches located along the walls, it may, to 
minimize shadows, be desirable to place the outer rows of outlets some¬ 
what nearer the side walls of the room than they would be if symmetri¬ 
cally arranged as shown in Fig. 113. 

In laying out a lighting installation the maximum permissible spacing 
distance for the production of uniform illumination and satisfactory 
density of shadows should be determined first. Then locate the units 
on a plan of the area so as to be located symmetrically with respect to 
architectural conditions, and at the same time not to exceed the maximum 
permissible spacing distance. 

When the outlets are located above traveling cranes, the staggered 
system (Fig. 1 lie) is preferable so that, as the crane moves along, it cuts 
off the light from only one unit at a time. If it is not desired to use the 
staggered system, additional lighting outlets, with special shock-absorbing 
sockets, should be located on the underside of the crane truss so that, as 
the crane moves along, the light from those units replaces the light from 
the regular outlets which are cut off by the crane. 
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In buildings of mill-type construction the units are usually supported 
on the lower cord of the roof truss or suspended from the roof purlins. 
When the units are mounted on the lower cord of the roof truss, the illumi¬ 
nation near the walls at each end of the building is low. When work 
must be carried on in these areas, it is better to support the units from the 
purlins or to locate a row of angle units along each end wall. 

High mounting is desirable because then the lamps are out of the way 
of cranes and are less apt to be broken, the glare is reduced to a minimum, 
and in the case of a light ceiling there is more reflection and better dif¬ 
fusion of light. The lamps should be lowered in locations where there is 
horizontal overhead belting, to the level of the bottom of the belting; 
otherwise a portion of the light is ineffective. It may be necessary, for 
the same reason, to install two or three units in an area where the con¬ 
ditions would otherwise warrant only one unit. 

186. Maintenance of Lighting Equipment. —The intensity of illumina¬ 
tion produced by a lighting installation will be somewhat less, after the 
system has been in use for some time, than the intensity was when the 
system was first installed. This depreciation in the lighting system is 
due to the decrease in efficiency of the filament of the lamp with use, and 
to the decrease in reflecting efficiency of the reflecting equipment, walls, 
and ceiling, which is the result of the natural deterioration of the surface 
with age, and of the collection of dust and dirt. 

In the design of lighting installations, a maintenance factor is used to 
take into account this depreciation. It has values less than unity so that 
when the initial illumination is multiplied by the maintenance factor, the 
actual illumination after a period of several months' use will be obtained. 

The amount of depreciation will vary from 25 to 45 per cent, correspond¬ 
ing to a maintenance factor of 0.75 to 0.55, depending upon the type and 
material of the reflecting equipment, the system of illumination employed, 
the local conditions of dust and dirt, and the frequency of cleaning of 
equipment and repainting of walls. See Table 199 for values for the 
maintenance factor. All lighting units should be adequately cleaned at 
regular intervals (about every 2 to 6 weeks), in order to prevent a waste of 
energy and low intensity of illumination. The frequency for the cleaning 
periods depends upon the degree of prevalence of dust and dirt and upon 
the type of luminaire. 

187. The coefficient of utilization is the over-all efficiency of the lighting 
installation: the ratio of the useful lumens which get down to the working 
plane to the total lumens generated by the lamp. Table 199 gives values 
for the coefficient of utilization for different types of luminaires, sub¬ 
divided according to room index and reflection factors for walls and for the 
ceiling. 

188. Reflection factor is the percentage of light reflected from a surface, 
such as a wall or ceiling, to the total light falling on the surface. The 
difference between the reflection factor and 100 per cent represents the 
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percentage of light which is absorbed by the surface and lost. Reflection 
factors for some of the common colors are given in Table 198. The 
reflection factor varies with the roughness of the surface as well as with 
the darkness of the color. For a more complete color chart see General 
Electric bulletin LS-341. 

189. There are two principal methods used in calculating illumination: 

1. Point-by-point method. 

2. Lumen method. 

190. The point-by-point method is based on the inverse-square law 
that the intensity of light flux varies inversely as the square of the distance 

from the light source to the point 

_of measurement (see Sec. 26 and 

T/V\V\ „Candlepower Fig. 114). The illumination on 

j U \j\ distribution curve any plane perpendicular to the 

| ^—r—\ light rays is given by the following 

| J \ formula: 

H | \ \ Foot-candles _ c.p . 

! J \ (on perpendicular plane) D 2 

j W (7) 

iVr where c.p. = the candle power of 

I r: y T.Tj which ^e light source in the direction in 

b e calculated which the distance D is taken; and 

Fig. 114.— Point-by-point method of ? = Pfpendicular distance 
lighting calculations. from the light source to the illu¬ 

minated plane in feet. 

Since the illumination on the horizontal plane is the value usually 
desired, the formula must be multiplied by the ratio H/D (see Fig. 114) or 

Foot-candles __ c.p. X H . . 

(on horizontal plane) — D 3 ^ 

If the illumination on a vertical plane is desired the basic formula (7) 
must be multiplied by the ratio X/D (see Fig. 114) or 

Foot-candles _ c.p. X X . 

(on vertical plane) ~~ D 3 ^ 


■ \ > 
s -j--V*-- Point for which 

h X H illumination is to 

be calculated 

Fig. 114. —Point-by-point method of 
lighting calculations. 


The illumination at any point is obtained by adding the foot-candles 
due to each light source which is sending rays of light to the point. 

It is obvious that the point-by-point method is practical for use only 
with the direct type of lighting, for with any other system of illumination 
the number of light sources which would have to be considered would 
make the calculations prohibitively tedious. Even with the direct system 
it is usually necessary to calculate the foot-candles from several different 
light sources. This method is especially applicable to calculating local¬ 
ized lighting where only a single light source needs to be considered. 
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191. In the lumen method of calculating illumination, the lumens 
required of the light source are calculated from the useful lumens desired 
on the working plane. In doing this, a maintenance factor, as explained 
in Sec. 186, and an efficiency factor, called a coefficient of utilization 
(Sec. 187), take account of the lumens absorbed in the luminaire and by 
the ceiling and the walls. With this method the following formulas may 
be used: 


, . A . . foot-candles X area per outlet 

Lamp lumens per outlet = -■&—.—-— 5 -vr- 

coefficient of utilization X 

maintenance factor 

lamp lumens X coefficient of 

utilization X maintenance factor 


Foot-candles = 


area per outlet 


(9) 


( 10 ) 


This method gives the average illumination on the horizontal for any 
system of general illumination where the light sources are spaced suf¬ 
ficiently close together to give approximately uniform illumination. 

192. The necessary successive steps in designing the average interior 
general-lighting installation by the lumen method are: 

1. Consider carefully a floor plan of the area and all the general factors 
which affect the problem, such as type of work to be carried on; location of 
furniture, machines, etc; character of architecture; finish of walls and 
ceiling; and structural details of building. 

2. Select method of arranging light sources: general, group, or com¬ 
bination of general and localized (refer to Secs. 181 and 182). 

3. Select the most applicable system: direct, semidirect, general dif¬ 
fuse, semi-indirect, or indirect (refer to Secs. 146 and 160). 

4. Select the type of electric illuminant which should be used: incan¬ 
descent, fluorescent, mercury vapor, mercury Mazda, or combination 
mercury Mazda and incandescent (refer to Secs. 89, 90,104,117,119, and 
120 ). 

5. Select the type of luminaire which should be employed (refer to 
Sec. 169). 

6. Locate the lighting units on a floor plan of the area as required by 
the structural conditions (See Sec. 185). In doing this, be careful not to 
exceed the maximum permissible spacing distance as given in Table 195 
(refer to Figs. Ill to 113). 

7. Determine the exact mounting height from a study of the struc¬ 
tural conditions (Sec. 186) and Table 196. It is usually desirable to 
mount the units as high as possible up to 12 ft. If the units are mounted 
higher than this, special arrangements should be made for cleaning. 

8. Determine the room index from the dimensions of the room and the 
height of the reflecting equipment (refer to Table 197). 

9. Determine the reflection factor of the walls and of the ceiling (refer 
to Table 198). 
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10. Determine the maintenance factor and the coefficient of utilization, 
interpolating for wall and ceiling reflection factors, if necessary (refer to 
Table 199). 

11. Select the intensity of illumination in foot-candles which should be 
employed (refer to Table 200 or 201). 

12. Compute: 


Area per outlet = - 


floor area of the room or part of room 


number of outlets in the room or part of room 


13. Solve For. (9) of Sec. 191. 

14. Select from Table 81 the size of lamp to use, according to the lumens 
required. If the required lumens fall midway between two lamp sizes, 
both the size above and the size below will have to be considered as out¬ 
lined in 15 and 16 below. 

15. Solve for each size of lamp, For. (10) of Sec. 191. 

16. Refer to step 11 and decide whether the foot-candles obtainable 
with the smaller lamp will be sufficient. For incandescent lamps con¬ 
sider the possibility of using lamps of a voltage rating 5 volts less than the 
circuit voltage, as explained in Sec. 85. In case neither of these possi¬ 
bilities is satisfactory, the larger size of lamp should be used, or a different 
spacing of units and a complete recalculation may be tried to see if an 
installation closer to an actual size of lamp may be obtained. 






r»~i ti i° .;;.j zia □! 

I ^''Counters- \ 

l. a 1 S~1.1-H ~ < □ 

\ . K - Wall Cases | 

in 


Fig. 115.—Illustrating method of calculating illumination. 


Example .—Suppose a drv-goods stoic ,(Fig. 115) is to be lighted, the dimensions of 
which are: length, 72 ft.; width, 24 ft.; height, 15 ft. The ceiling is light and the walls 
are dark. What should be the illumination design? 

Solution .—The floor plan (Fig. 115) shows no bays, posts, or other obstructions to be 
considered. Soft shadows, good vertical illumination for wall-cases, minimum glare, 
and good decorative effect are the requirements which, for this class of service, the light¬ 
ing should satisfy. Either general-diffuse or indirect illumination (Secs. 148 and 180 ), 
may be employed. The choice between these two systems would depend upon the 
character of the store. If the store were a general dry-goods store in a small city, the 
general-diffuse system would undoubtedly be selected because of its high efficiency. On 
the other hand, if the store were a high-grade establishment, the indirect system would 
be preferred. 


The general illumination method (Secs. 181 and 182) should be used. 
Refer to Sec. 169 for a guide to the selection of the lighting equipment. 
The choice of lighting equipment will be between the general-diffuse and 
the indirect luminaires. Whether a general-diffuse or indirect luminaire 
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is selected will depend upon the system of illumination selected above, as 
governed by the character of the store. The design of the installation 
for both cases is given below. 

Design Employing General-diffuse Lighting. —Assume that one of the 
white enclosing globe luminaires of Figs. 93 or 94 is selected. 

The mounting height will be 13 ft., determined by subtracting 2 ft. 
from a ceiling height of 15 ft. From Table 195 a spacing of 10-12 ft. 
between units is permissible for a mounting height of 13 ft. 

From Table 197 for a room 24 ft. wide and 72 ft. long and with a mount¬ 
ing height of 13 ft. the room index is F. From Table 198 the reflection 
factor for a light ceiling should be about 70 per cent and for a dark wall 
about 30 per cent. 

Referring to Table 199 the maintenance factor for a general-diffuse 
fixture (No. 11 in Table 199) is 0.75, and the coefficient of utilization for a 
70 per cent ceiling with a 30 per cent wall is about 0.35 (interpolated 
between 0.36 for a 75 per cent ceiling and 0.32 for a 50 per cent ceiling). 

From a study of the plan of the store (Fig. 115) the obvious solution is 
to divide the room into twelve 12-ft. squares and suspend a unit at the 
center of each square. Since this spacing is equal to the maximum allow¬ 
able spacing, such a layout of units will be satisfactory. 

From Table 201 an intensity of illumination of from 15 to 20 ft.-c. 
should be employed. 

Area per outlet - — * = 144 sq. ft. 

15 X 144 

Lamp lumens per outlet [For. (9), Sec. 191] = Q 35 ~ y ~ Q 75 “ 8,230 lumens 

Referring to Table 81, the choice is between a 300-watt clear lamp giv¬ 
ing 5,750 lumens and a 500-watt clear lamp giving 10,000 lumens. Since 
the 5,750 lumens is so far below the desired 8,230, the 500-watt, 10,000- 
lumen lamp should be used. 

. . , , . „ m , 1AN a 10,000 X 0.35 X 0.75 

Actual foot-candles [For. (10), Sec. 191] — — ! -- 

* 18.3 ft.-c. 

Since 18.3 is between the 15 and 20 ft.-c. desired the installation is 
satisfactory. 

Design Employing Indirect Lighting. —Assume that one of the lumi¬ 
naires of Fig. 101 is selected. Use the same spacing of 12 ft. as deter¬ 
mined in the previous design. 

From Table 197 for a room 24 ft. wide and 72 ft. long, with a ceiling 
height for indirect lighting of 15 ft., the room index is E. 

Referring to Table 199 for a No. 14 fixture, the maintenance factor is 
0.65, and the coefficient of utilization for a 70 per cent ceiling with a 30 per 
cent wall is 0.25 (interpolated between 0.27 for a 75 per cent ceiling and 
0.18 for a 50 per cent ceiling). 
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A 41 . 24 X 72 

Area per outlet = —— 

Lamp lumens per outlet [For/(9), Sec. 191] = 


* 144 sq. ft. 

20 X 144 
0.25 X 0.65 ! 


17,700 lumens 


Referring to Table 81 the choice is between a 750-watt clear lamp giving 
14,500 lumens and a 1,000-watt clear lamp giving 21,000 lumens. 

For the 750-watt lamp: 


Actual foot-candles [For. 


(10), Sec. 191] = 


14,500 X 0.25 X 0.65 
144 


= 16.4 ft.-c. 

For the 1,000-watt lamp: 

. . i- . ,, rr , 21,000 X 0.25 X 0.65 

Actual foot-candles [For. (10), Sec. 191] =- yyy - 

- 23.7 ft.-c. 


Since the 16.4 ft.-c. is within the range of 15 to 20 desired, the 750-watt 
lamp is the one to use. 

Referring to a manufacturer’s price list we find that the 750-watt lamp 
costs about three times as much as the 500-watt size. Consideration 
should, therefore, be given to using more luminaires with 500-watt lamps 
spaced closer together. 

A spacing of 9 ft. between units along the length of the store would give: 

24 X 72 

Area per outlet =-- = 108 sq. ft. 

For the 500-watt lamp: 

A . a 10i1 10,000 X 0.25 X 0.65 

Actual foot-candles [hor. (10), Sec. 191] = —--- 

= 15.0 ft.-c. 


Since this value is the minimum of 15 ft.-c., consideration should be 
given to burning these lamps at 5 volts overvoltage. 

Referring to Sec. 86 and using the same assumptions as in the sample 
problem there, the illumination would be 116 per cent of 15.0 = 17.4 ft.-c. 
Assume 20 per cent discount from list price for lamps. 


Comparison of Annual Cost at Energy Charge of 1 Ct. per Kw.-hr. and 
Demand Charge of $1.60 per Kw. 


Item 

Using 12 750-watt lamps at rated 
voltage j 

Using 16 500-watt lamps at 104 per cent 
of rated voltage 

Annual cost of lamps... 

m X 12 X 12.00 - $ 46.80 

2h X 16 X $0.88 * $ 35.00 

Cost of energy for 1,600 

750 

500 

hr. 

12 X X 1,500 X $0.01 

18 X X 1.085 X 1,500 X $0,01 


- $135 00 

- $180.00 

Demand charge for 12 



months. 

9 kw. X $1.50 X 12 **= $162.00 

8.68 X $1.50 X 12 * $156.00 

Total. 

$343.80 

$321.00 
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This indicates an annual saving of $23 in favor of the smaller lamp 
burned at overvoltage. The initial cost would also be less (approxi¬ 
mately $9 for one fixture and lamp or $144 for the 16, compared with 
$14.50 each or $174 for the 12). 

Since the 500-watt lamps would furnish about 1 ft.-c. more illumination 
at about $25 per year less cost, the installation of 16 500-watt lamps 
should be recommended. 

192A. In designing a general lighting system with fluorescent lamps 

proceed as in Sec. 192 except use Table 199A for maintenance factors and 
coefficients of utilization. Fluorescent lamps cannot be operated at over¬ 
voltage as was suggested for incandescent lamps. 

193. In designing a general lighting system with mercury Mazda 
lamps or a combination mercury and incandescent system proceed as 
follows: 

1. Decide whether the installation is to be straight mercury, alternate 
incandescent and mercury, or combination luminaires (refer to Secs. 117 
and 118). 

2. Proceed as in Sec. 192. For the alternate system calculate each 
system separately, allowing about one-half of the total illumination to be 
obtained from each source. The total illumination will be the sum of the 
two. For combination luminaires make one calculation and divide the 
required lumens so as to select one of the combinations listed from Sec. 
118 (3) and use from Table 111 either the 250-watt A-H2. the 400-watt 
A-Hl, or the 3000-watt A-H9 lamp. 

3. Respace the lighting units in case the desired combination of lamps 
is not obtainable. This may be necessary since there are only three sizes 
of mercury lamps for general lighting. 

Example .—Determine the number, spacing, and size of lamps for a combination mer¬ 
cury and incandescent system to illuminate a machine shop 40 by 120 ft. to an average 
intensity of 20 ft.-c. The roof is sloping and supported on trusses with the bottom of 
the truss 15 ft. above the floor. 

Solution .—The fixtures will be hung from the loof with the bottom of the fixture even 
with the bottom of the roof trusses. From Table 195 a height of 15 ft. requires a spacing 
of 10 to 13 ft., with a maximum of 17 ft. Using 3 rows of lights 14 ft. apart and 6 ft. 
from the wall (Fig. 116, I) will permit bench work to be done along the walls. The 
lights will be spaced 12 ft. apait in the length of the room so that the average spacing 
will be 13 ft., giving 6 lights per bay. 

From Table 197 a room 40 ft. wide by 120 ft. long by 15 ft. high gives a room index 
of D. 

From Table 198, assuming a light-gray wall, the reflection factor is 50 per cent. 

From Table 199, using a glassteel diffuser, with room index D and 50 per cent wall 
and ceiling reflection factors, the maintenance factor is 0.70, and the coefficient of 
utilization is 0.61. From 8ec. 19S (12): 

40 X 120 

Area per outlet * -— *■ 160 sq. ft. per outlet 

From Sec. 19S (13): 

20 X 160 

Lamp lumens per outlet - y s T Tj -T rsx ■» 9.000 

0«vl a U»7U 
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From Sec. Ill the lumen output of the 250-watt mercury lamp is 7,500 lumens. From 
Sec. 118, two 150-watt incandescent lamps are the smallest size which can be used with 
this luminaire. Referring to Table 81, their total lumen output is 2 X 2,600 «• 5,200 
lumens; or a total of 12,700 lumens including the mercury lamp. From Sec. 198 (15): 

Actual ft.-candles [For. (10), Sec. 191] « 12,700 X 0.81 X 0.70 — 2g ^ _ c 

lbu 

Sinee this is considerably greater than the 20 ft.-c. desired, consideration might be 
given to spacing the outlets farther apart in the length of the building. 


— 24 - 24 --- 24 f -- 24 -•- *\+ -- 24 -~*j 



U . - 120 - .. J 

I-Uniform bay system 



II-Alternate bay system 

Fia. 116 .—Layout of combination mercury and incandescent lamps for a 

machine shop. 


An arrangement of six units in the end and center bays with three units in each of the 
other two bays (Fig. 116, II) would give a spacing of 15 and 16 ft. apart in that direction 

120 X 40 

which is still within the maximum of 17 ft. The area pei outlet would be-24- "* 

200 sq. ft. 

20 X 200 

Lamp lumens per outlet = ■ = 11,200 lumens 

O ol X 0.70 

Actual foot-candles = ~~ ~ X 0.70 83 22.6 ft.-c. 


This gives an illumination which is still about 11 per cent more than required, which 
is satisfactory in all respects, and somewhat more economical than the closer spacing. 


194. In designing a Cooper-Hewitt-lamp installation proceed in a 
manner similar to that outlined in Sec. 193, using for the Cooper-Hewitt 
lamp the lumens given in Table 106. 
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TABLES FOR INTERIOR ILLUMINATION DESIGN 


195. Allowable Spacing between Light Sources 

(General Electric Co.) 


Ceiling height 
(or height in 
the clear), ft. 

Spacing between outlets, ft. 

Usual 

Max. (for units 
at ceiling) 

8 

7 

7K 

9 

8 

8 

10 

9 

9 

11 

10 

10>2 

12 

10-12 

12 

13 

10-12 

13 

14 

10-13 

15 

15 

10-13 

17 

16 

10-13 

19 

18 

10-20 

21 

20 and up 

18-24 

24 


Max. spacing between outside 
outlets and wall, ft. 


Aisles or storage 
next to wall 

Desks, work¬ 
benches, etc., 
against wall 

1 Usually 1 

I one-half 1 

l actual ) 

f spacing \ 

l between 1 

1 units 1 

3 

3 

3 K 

3K 

3H-4 

3H-4H 

4-5 

4-5 

4-6 

I \ 

4-6 

' ' 

5-7 


196. Mounting Height of Light Sources 

(General Electric Co.) 


Direct and semidirect lighting units 

Semi-indirect and 
indirect lighting 

Actual 
spacing 
between 
units, ft. 

Min. dis¬ 
tance of 
units 
from 
floor, ft. 

Desirable mounting 
height in 

industrial interiors 

Desirable mounting 
height in 

commercial interiors 

Actual 
spacing 
between 
units, ft. 

Recom¬ 
mended 
suspension 
length (top 
of bowl to 
ceiling), ft. 

7 

8 

12 ft. above floor if 

The actual hanging 

7 

1-3 

8 

8 K 

possible—to avoid 

height should be 

8 

1—3 

9 

9 

glare, and still be 

governed largely by 

9 

1-3 

10 

10 

within reach from 

general appearance, 

10 

IK-3 

11 

10K 

stepladder for clean¬ 

but, particularly in 

11 

2-3 

12 

11 

ing 

offices and drafting 

12 

2-3 

14 

12 M 

Where units are to be 

rooms, the mini¬ 

14 

2H-4 

16 

14 

mounted much more 

mum values shown 

16 

3-4 

18 

15 

than 12 ft. it is usu¬ 

in the second col- 

18 

3-4 

20 

16 

ally desirable to 

umn should not be 

20 

4-5 

22 

18 

mount the units at 

violated 

22 

4-5 

24 

20 

ceiling or on roof 


24 

4-6 


i . 

trusses 
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197. Room Index Classification of Rooms According to Their Proportions 

(General Electric Co ) 


Ceiling Height Ft 


For semi indirect and 

9 and 

10 to 

12 to 

14 to 

17 to 

21 to 

25 to 

31 to 

| 37 to 

I 


indirect lighting 

9*4 

11 * 

13 1 

16*$ 

20 

24 

30 

3b 

| 50 

1 



Mounting Height above Floor 

H 




For direct and semi 

7 and 

8 md 

9 and 

10 to 

12 to 

14 to 

1 17 to 

21 to 

25 to 

31 to 

37 to 

direct lighting 

7i 

8 1 

9*. 

11 * 

13 1 

16i 

[ 20 

24 

*0 

36 

50 


Room 











width ft 

length 

ft 





Room wide x 





8 10 

H \ 

7 ! 

7 

1 7 





I 

1 



10-14 

H 

I 

7 

1 / 








9 

14 20 

0 

H 

7 

/ 

7 







(83- -») 

20-30 

G 

G 

77 

7 

7 

J 






30 42 

b 

G 

7/ 

7 

/ 

1 7 

/ 






42 and 

E 

b 

G 

77 

7 

7 

7 






over 







1 



i 



10-14 

G 

H 

I 

7 

J 


1 



I 



14 20 

G 

77 

I 

7 

7 

1 7 






10 

20 30 

b 

G 

77 

I 

1 7 

I 7 






(9*4 10*$) 

30-42 

b 

C 

r. 

7/ 

1 7 

7 

7 





42-00 

E 

b 

G 

77 

7 

J 

J 






60 and 

E 

I 

b 

7/ 

H 

I 

J 






over 













10-14 

G 

H 

1 

7 

l 

J 







14 20 

b 

C 

7/ 

7 

/ 

J 






12 

20-30 

b 

G 

G 

7/ 

7 

7 

J 



1 


(11 I 2 i 2 ) 

30-42 

E 

b 

G 

77 

7 

J 

7 



1 


42-00 

b 

b 

b 

G 

77 

7 

/ 






60 and 

E 

E 

l 1 

G 

H 

7 

7 






over 1 

■ 







1 





14 20 

b 

G 

H 

77 

I 

7 

7 

1 





20 30 

E 

b 

G 

77 

I 

7 

7 





14 

30 42 

E 

b 

b 

G 

77 

7 

/ 

J 




(13-15*0 

42 60 

E 

E 

b 

b 

77 

/ 

7 

J 

7 



60-90 

D 

E 

E 

b 

( 

77 

J 

1 / 

/ 




90 and 

I> 

E 

E 

b 

b 

G 

I \ 

! J 

J 




over 













14 20 

E 

b 

G 

H 

1 

I 

7 






20 30 

F 

b 

b 

G 

H 

J 

7 





17 

30-42 

I) 

F 

b 

1 G 

77 

77 

J 

J 

J 



(IO-I 8 I 2 ) 

42 60 

I) 

F 

F 

b 

G 

G 

I 

I 

7 

/ 


60-110 

I) 

E 

E 

b 

G 

G 

I 

7 

7 

7 



110 and 

C 

D 

F 

F 

7 

G 

77 

7 

7 

7 



over 










' 



20 30 

7) 


b 

G 

7/ 

I 

7 

7 





30 42 

J) 

1 r 

b 

b 

G 

77 

7 

J 

7 



20 

42 bO 

1 l) 

i) 

b 

E 

b 

G 

7 

/ 

7 

J 


(19 21i ) 

b0-90 

C 

T) 

b 

F 

b 

G 

7/ 

y 

7 

7 


90 140 

c 

I) 

1) 

E 

b 

b 

// 

7 

7 

7 

7 


140 and 

c 

I) 

I) 

E 

b 

b 

7/ 

7/ 

/ 

J 

7 


over 













20-30 

D 

! E 

E 

b 

G 

H 

I 

J 

/ 




30-42 

C 

D 

E 

F 

G 

G 

J 

J 

J 



24 

42-60 

C 

D 

D 

E 

F 

G 

H 

J 

J 

J 


(22-26) 

60-90 

C 

D 

D 

E 

F 

F 

H 

J 

J 

J 

/ 

90 140 

c 

C 

D 

E 

E 

F 

G 

H 

I 

J 

J 


1140 and 

c 

C 

D 

E 

E 

b 

G 

H 

/ 

I 

J 


over 
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Room Index Classification of Rooms According to Their Proportions 

( Continued ) 


Ceiling Height, Ft 






■TT!J 




|TJ7j% 

ETOTnBHBH 









mm 



Mounting Height above Floor, Ft. 


For direct and semi- | 

7 and 

8 and I 

9 and ] 

10 to 

12 to 

14 to 

17 to 

21 to 

25 to 1 

31 to 1 

37 to 

direct lighting ( 

7J4 

m I 

EMi 


13 H 

16*$ 

20 

24 

mm 

36 1 


Room 
width, ft. 

Room 

length, 

ft. 

Room index 


30-42 

C ) 

D 

D 

E 

F 

G 

H 

I 

j 

/ 



42-60 


C 

D 

D 

F 

F 

H 

H 

i 

J 



■iltgiHJ 

B 

C 

a 

D 

E 

F 

G 

H 

i 

J 

j 

(27-33) 

90-140 

B 

C 

c 

l) 

E 

E 

F 

G 

H 

/ 

j 

140-180 

B 

c 

c 

l) 

E 

E 

F 

G 

H 

I 

j 


180 and 

B 

c 

c 

D 

E 

E 

F 

G 

H 

I 

j 


over 













30-42 

B 

c 

D 

E 

F 

F 

H 

/ 

I 

J 



42-60 

B 

c 

c 

i 1> 

E 

F 

a 

H 

1 

J 

j 

36 


A 

c 

c 

C 

E 

E 

F 

H 

H 

J 

j 

(34-39) ; 

90-140 

A 

B 

c 

C 

D 

E 

F 

G 

H 

I 

j 

140-200 

A 

B 

c 

c 

D 

E 

F 

F 

G 

H 

i 


200 and 

A 

B 

c 

c 

1) 

E 

F 

F 

G 

H 

j 


over 













42-60 

A 

B 

c 

c 

E 

F i 

G 

H 

I 

I 

j 


anew 

A 

B 

B 

c 

D 

e ; 

F 

G 

H 

/ 

j 

42 

■tliatfn 

A 

B 

B 

c 

1) 

1) \ 

E 

F 

G 

H 

j 

(40-45) 

140-200 

A 

A 

B 

c 

I) 

J) j 

E 

F 

G 

H 

/ 

IWiliFlM 

A 

A 

B 

c 

D 

i) ! 

E 

1 F 

F 

G 

i 


| over 













Itfv'-d'ii't'a 

A 

A 

B 

c 

1) 

E 

F I 

G 

H 

/ 

j 


■ihamj 

A 

A 

B 

c 

C 

D 

¥ | 

F 

G 

H 

j 

50 

■rjafm 

A 

A 

A 

c 

C 

D 

E 

F 

F 

G 

/ 

(46-55) 

140-200 

A 

A 

A 

c 

C 

D 

E 

E 

¥ 

G 

/ 

200 and 

A 

A 

A 

c 

C 

I) 

E 

E 

F 

G 

H 


over 














A 

A 

A 

B 

C 

D 

E 

F 

G 

H 

I 

60 


A 

A 

A 

B 

C 

C 

D 

E 

F 

G 

H 

(56-67) 


A 

A 

A 

B 

C 

c 

D 

E j 

E 

F 

H 


A 

A 

A 

B 

C 

c 

D : 

E 

E 

F 

H 


| over 













■TnFTB 

~X“ 

A 

A~~ 

A 

B 

c 

D 

E 

F 

G 

__ 

75 

n'rSr n 

A 

A 

A 

A 

B 

c 

I) 

E 

¥ 

F 

H 

(68-90) 


A 

A 

A 

A 

B 

B 

C 

D 

E 

F 

G 


A 

A 

A 

A 

B 

B 

C 

D 

E 

F 

G 


j over 





1 









A 

A 

A 

A 

pr- 


1) 

E 

F 

G 

H 

90 and over 

Kotfii 

A 

A 

A 

A 

A 

B 

C 

l) 

E 

F 

G 



A 

A 

A 

A 

A 

! B 

C 

J) 

E 

F 

G 


PTnTTifn 

A 

A 

A 

A 

1 A 

1 B 

j c 

C 

1 > 

E 

F 


1 over 





L_ 


1 






198. Reflection Factors of Colored Surfaces 


Color 

Reflection 
factor, 
per cent 

Color 

Reflection 
factor, 
per cent 

Fiat white. 

75-85 


40-50 

Ivory... 

70-75 

Gray .7 . 

30-50 

Buff. 

60-70 

Blue.. 

25-35 

Yellow. 

55-65 

Red. 

15-20 

Light tan. 

45-55 

Dark brown. 

10-15 
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199A. Maintenance Factors and Coefficients of Utilization for Fluorescent Luminaires 
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Maintenance Factors and Coefficients of Utilization for Fluorescent Luminaires ( Continued ) 
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Maintenance Factors and Coefficients of Utilization for Fluorescent Luminaires ( Continued) 


1484 


AMERICAN ELECTRICIANS’ HANDBOOK [Div. 9 






















1486 


AMERICAN ELECTRICIANS' HANDBOOK [Div. 9 


200. Lighting Intensities Recommended for Illumination of Industrial 

Interiors 

(“Handbook of Interior Wiring Design”)® 


Occupanc n 

Illumina¬ 
tion ft -c 

Occupanc \ 

Illumina¬ 
tion ft -c 

Aisles stair wa\s passagewnyB 


C loth products 


(10 watts pei running foot) 

2 

Cutting inspecting sewing 


Assembly 


1 Light goods 

20 


10 

2 Dark goods 

100 ot more 

Medium 

20 

Pressing cloth treating (oil 


Fine 

50 100 

cloth etc ) 


Extra fine 

100 ot moit 

1 Light goods 

10 



2 Dark goods 

20 

Automobile manufacturing 


Coal breaking washing 


Assembly line 

>0 100 

scieemng 

5 

frame assembly 

15 

Dairv products 

20 

Body assembl} 

20 

f ngraving 

100 or moie 

bod\ finishing and uispei t 


1 oige shops 


mg 

100 or more 

Welding 

10 

Bakeries 

20 

h oundin s 


Book binding 


( haiging fioot tumbling 


folding assembling pistmg 

10 

ileaning pouring shaking 


Cutting punching stitih 


out 

) 

mg embossing 

20 

Rough molding and core 


Biewenes 


making 

10 

Brewhouse 

o 

1 me molding and coremak 


Boiling keg washing etc 

10 

mg 

20 

Bottling 

15 

Garages 


Candj making 

20 

storage 

1 I 1VC 

i f i 

Canning and preserving 

20 

2 Dead 

i u 

2 

Chemical works 


Repan and washing 

30-50 

Hand furnaces stationar\ 


Glass works 


duers and cystallizers 

5 

Mixing and furnace rooms 


Mechanical driers and cr\s- 


pressing and Lehr glass- 


tallizers filtrations evap¬ 


blowing machines 

10 

orators bleaching 

10 

Grinding cutting glass to 


lanks for cooking extiac- 


size silvering 

20 

tois percolatois mtia 


fine grinding polishing 


tois electrolytic cells 

15 

beveling etching mspee 


Cla> products and cements 


tion etc 

30 50 

Grinding filtei pi esses kiln 


Glove manufacturing 


rooms 

5 

Light goods 


Molding pressing clean¬ 


1 Cutting pressing knit 


ing trimming 

10 

tmg sorting 

10 

Enameling 

15 

2 Stitching trimming 


Glazing . 

20 

inspecting 

20 


* A handbook prepared and sponsored b> the following organizations (1) Artistic 
Lighting Equipment Association (2) National Electrical Manufacturers’ Association, 
(3) National Electrical Wholesalers Association (4) National Electrical Contractors’ 
Association, (5) International Association of Electrical Inspectors, (6) Radio Manufat* 
turers Association, (7) Edison Electric Institute, (8) Illuminating Engineering Society 
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Lighting Intensities Recommended for Illumination of Industrial 
Interiors {Continued) 


Glove manufacturing: 

Dark goods: 

1 . Cutting, pressing, etc. 

2 . Stitching, trimming, 

etc. 

Hangars, airplane: 

Storage, live. 

Repair department. 

Hat manufacturing: 

Dyeing, stiffening, braiding, 
cleaning, and refining: 

1 . Light. 

2. Dark. 

Forming, sizing, pouncing, 

flanging, finishing, and 
ironing: 


Illumina¬ 
tion, ft.-c. 


100 or more 


1 . Light. 

15 

2. Dark. 

1 30 

Sewing: 


1. Light. 

20 

2. Dark. 

100 or more 

Ice making: 


Engine and compressor 


room. 

10 

Inspection: 


Rough. 

10 

Medium. 

20 

Fine. 

50-100 

Extra fine. 

100 or more 

Jewelry and watch manufac¬ 


turing. 

100 or more 

Laundries and dry cleaning. .. 

20 


Occupancy 


I Machine shops: 

Rough bench and machine 

work. 

Medium bench and machine 
work, automatic machines, 
rough grinding, medium 
buffing and polishing.... 
Fine bench and machine 
work, fine automatic ma¬ 
chines, medium grinding, 
fine buffing and polishing 
Extra-fine bench and ma¬ 
chine work, grinding. 

Meat packing: 

Slaughtering. 

Cleaning, cutting, cooking, 
grinding, canning, packing 
Milling, Grain Foods: 

Cleaning, grinding, and roll¬ 
ing. 

Raking or roasting. 

Flour grading. 

Offices: 

Private and general: 

1 . No close work. 

2. Close work. 

Drafting Rooms. 


Illumina¬ 
tion, ft.-c. 


100 or more 


Leather manufacturing: 

Vats. 

Cleaning, tanning, and 

stretehiug. 

Cutting, fleshing and stulT- 

ing. 

Finishing and scarfing. 

Leatherworking: 

Pressing, winding, and glaz¬ 
ing: 

1. Light. 

2. Dark. 

Grading, matching, cutting, 

scarfing, sewing: 

1 . Light. 

2. Dark. 

Locker rooms. 


Paint manufacturing. 

Paint shops: 

Dipping, spraying, firing, 
rubbing, ordinary hand 
painting and finishing.... 
Fine hand painting and 

• finishing. 

Extra-fine hand painting 
and finishing (automobile 
bodies, piano cases, etc.). 
Paper-box manufacturing: 

Light. 

Dark. 

Storage of stock. 

Paper manufacturing: 

Beaters, grinding, calender- 


20 Finishing, cutting, trimming 

100 or more Plating. 

5 Polishing and burnishing. ... 


100 or more 
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Lighting Intensities Recommended for Illumination of Industrial 
Interiors ( Continued ) 


Occupancy 


IUumina 
tion ft c 


Occupancy 


Illumina¬ 
tion, ft -c 


Power plants 

Boiler coal and ash han¬ 
dling storage battery 
rooms 

Auxiliary equipment oil 
switches and transformers 
Switchboards engines gen 
erators blowers coin 
pressors 

Printing industries 
Matrixing and casting 
Miscellaneous machines 
Presses and electrot> ping 
Lithographing 
linotype monotype type 
setting imposing stone 
engraving 
Proofreading 
Receiving and shipping 
Rubber manufacturing and 
products 

Calenders compounding 
mills fabric preparation 
stock cutting tubing ma 
chines solid tire opera 
tions mechanical goods 
building vulcanizing 
Bead building pneumatic 
tire building and finish 
mg inner tube operation 
mechanical goods trim 
mmg treading 
Sheet metal works 

Miscellaneous machines or 
dinary bench work 
Punches presses shears 
stamps welders spinning 
medium bench work 
Tin plate inspection 
Shoe manufacturing 

Hand turning miscellane 
ous bench and machine 
work 

Inspecting and sorting raw 
material cutting and 
stitching 

1 Light 

2 Dark 

Lasting and welting 


o 

10 


Soap manufacturing 

Kettle houses cutting soap 
chip and powder 
Stamping wrapping and 
packing filling and pack 
ing soap powder 


15 

10 

15 

20 

50-100 


50-100 
100 or more| 
10 


10 


[Steel and iron mills bar sheet 
and wire products 
Soaking pits and reheating 
furnaces 

C harging and casting floors 
Muck and heavy rolling 
shearing (rough by gage) 
pickling and cleaning 
Plate inspection chipping 
Automatic machines light 
and cold rolling wire 
drawing shearing (fine by 
line) 

|&tone crushing and screening 
Belt convey or tubes main 
line shafting spaces chutt 
rooms inside of bins 
Pnmaiy breaker room aux 
iliarv breakers under bins 
Screens 


20 


lo 


20 

10-50 


10 


Stoiage battery manufactur 
ing 

Molding of grids 

Store and stockrooms 
Rough bulky material 
Medium or hue material rt 
quinng care 

Structural steel fabrication 

Sugar grading 

1 esting 
Rough 
Fine 

P-iXtra fine instruments 
scabs et( 


1 extile nulls 
Cotton 


20 

100 or more 

20 


1 Opening and lapping 
carding drawing 
roving dyeing 


10 


20 


5 

10 


10 

30-50 


15 


o 

10 


10 

5 

10 

10 

30 

10 

20 

100 oi more 


10 
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Lighting Intensities Recommended for Illumination of Industrial 
Interiors ( Continued) 


Occupancy 

Illumina¬ 
tion ft -c 

Occupancy 

Illumina¬ 
tion ft -c 

Textile mills 


4 Weaving 


Cotton 


Light goods 

15 

2 Spooling spinning 


Dark goods 

30 

drawing warping 


5 Knitting machines 

20 

weaving quilling 


Tobacco products 


inspecting knitting 


Drying stripping general 

10 

slashing (over beam 


Grading and sorting 

100 or more 

end) 

Silk 

1 Winding throwing 

dyeing 

2 Quilling warping 

weaving finishing 
Light goods 

Dark goods 

20 

Toilets and washrooms 
Upholstering 

5 

15 

15 

30 

Automobile coach furni¬ 
ture 

Warehouse 

Woodworking 

Rough sawing and bench- 
work 

Sizing planing rough 

20 

5 

10 

Woolen 


sanding medium ma¬ 


1 Carding picking 


chine and benchwork, 


washing combing 

10 

gluing veneering cooper¬ 


2 Twisting dyeing 

10 

age 

20 

3 Drawing in warping 


h me bench and machine 


Light goods 

15 

work fine standing and 


Dark goods 

30 

finishing 

30 


201. Lighting Intensities Recommended for Illumination of Commercial 

Interiors 

(“Handbook of Interior Wiring Design”) 


Occupancy 

Illumina¬ 
tion ft -c 

Occupanc> 

Illumina¬ 
tion ft -c 

Armories 


Banks 


Drill sheds and exhibition 


Lobby 

10 

halls (This does not in- 


Counters (75 watts per run- 


elude lighting circuits for 


ning foot including serv- 


demonstration booths 


ice for signs small motor 


special exhibit spaces 


applications etc ) 

50-100 

etc ) 

10 

Offices and cages 

20 

Art galleries 


Barber shop and beauty par¬ 


General 

5 

lors (not including circuits 


On pamtings (100 watts per 


for special equipment) 

20 

running foot of usable 


Bowling 


wall area) 

50-100 

Alley runway and seats 

10 

Auditoriums 

5 

Pins (300 watts per set of 


Automobile showrooms 

20 

pins) 

30-50 
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Lighting Intensities Recommended for Illumination of Commercial 
Interiors ( Continued ) 


Occupanci 


Illumina¬ 
tion ft -c 


Occupancy 


Illumina¬ 
tion ft -c 


Billiards 

General 

Tables (450 watts per table) 
Churches 
Auditoriums 
Sunday-school rooms 
Pulpit or rostrum 
Clubrooms 
Lounge 

Reading rooms. (The above 
two uses are so often com 
bined that the higher fig 
ure is advisable It in 
eludes provision for con 
vemence outlets) 
Courtrooms 

Dance halls (not including 
spectacular lighting vpots 
etc ) 

Drafting rooms , 

hire-engine houses 
Gymnasiums 
Mam floor 
Shower rooms 
Locker rooms 
Fencing boxing etc 
Handball squash etc 
Halls and interior passage - 
wajB (15 watts per running 
foot) 

Hospitals 

Lobby reception room 
Corridors (8 Matts per 
running foot) 

Wards (including allowance 
for convenience outlets 
for local illumination) 
Private rooms (including 
allowance for conven¬ 
ience outlets for local 
illumination) 

Operating room 
Operating tables or chairs 
(Major surgeries 3,000 
watts per area, minor 
surgeries 1 500 watts per 
area These two figures 


include allowance for di- 
lectional control Special 
wiring foi emergency sys¬ 
tems must also be con 
sidered) 

Laboratories 

Hotels 

Lobb\ (not including provi¬ 
sion for conventions ex 
hibits) 

Dining room 
Kitchen 

Bed rooms (including allow 
ance for convenience out¬ 
lets) 

I Corridors (10 watts per run 
rung foot) 

Writing room (including 
allowance for convenience 
outlets) 

' I ibraries 

Reading room*> (including 
allowance for convenience 
outlets) 

Stack room (12 watts per 
running foot of facing 
stacks) 

Moving-picture theater 
During intermission 
During pictures 

(These figures do not m- 
dude auxilian circuits 
for color or cither spec- 
I tacular effects ) 

(Museum 
General 

I ocal illumination of special 
exhibits (allow wattage 
for lot al illumination 
equal to total calculated 
for general lighting) 

Office buildings 
Private offices 
1 No close work 
2 With close work 
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Lighting Intensities Recommended for Illumination of Commercial 
Interiors ( Continued ) 


Occupancy 

Illumina¬ 
tion ft.-c. 

Occupancy 

Illumina¬ 
tion ft.-c. 

General offices: 


Show windows: 


1. No close work. 

10 

Large cities:" 


2. With close work. 

20 

Brightly lighted district 


File room, vault, etc. 

10 

(350 watts per running 


Reception room. 

5 

foot of glass frontage). 

200 



Secondary business loca- 


Post offices: 


tions (250 watts per 


Lobby. 

10 

running foot of glass 


Sorting, mailing, etc. 

20 


100 

Storage, file room, etc. 

10 

Neighborhood stores (150 


Professional offices: 


watts per running foot 
of glass frontage). 

50 

Waiting rooms. 

Consultation rooms. 

10 

20 

Medium cities:" 


Operating offices. 

20 

Brightly lighted districts 


Dental chairs (600 watts per 


(250 watts per running 


chair). 

30-50 

foot of glass frontage). 

100 



Neighborhood stores (150 


Railways: 


watts per running foot 


Depot, waiting room. 

10 | 

! of glass frontage). 

50 

Ticket offices, general. 

10 | 

Small cities and towns® (150 


Ticket counters (75 watts 


watts per running foot of 


per running foot). 

30-50 

jtIiuih frontage) 

50 

Rest room, smoking room. . 

10 

Lighting to reduce daylight 

Baggage room. 

10 

window reflections (760 


Concourse. 

5 

watts per running foot of 


Train platform. 

5 



Restaurants, lunchrooms, and 


glass irontage;. 

Stores—department, spe¬ 

500 

cafeterias: 


cialty, and miscellaneous 


Dining area . 

10 

large: 


Food displays (100 wattH per 


Main floor. 

20 

running foot of countei, 


Other floors. 

15 

including service aisle). . . 

30- 50 

Stores in outlying districts. . . 

15 

Schools: 


iTheaters: 


Auditoriums. 

10 

Auditoriums (not including 


If used as a study hall... . 

20 

| auxiliary circuits for color 


Class and study rooms . 

20 

| or other spectacular ef- 


Drawing room . 

30-50 



Laboratories . 

15 

I TcCISJ ... . • • • 

5 

« * « , 

20 

30—50 

[ Foyer . 

10 

Manual training. .......... 

flnwjn ft rftrtm 

| Lobby . 

15 

Bight-saving classes . 

30-50 

iWall cases (50 to 75 watts per 


Showcases (40 watts per run¬ 


| running foot, depending on 


ning foot) . 

50-100 

1 height and depth) . 

50-100 


• Ten per cent reduction for glass on two sides. Twenty-five per cent reduction for 
glass on three sides. Forty per oent reduction for island windows. 
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INTERIOR-LIGHTING SUGGESTIONS 

202. Residence Lighting.—In the lighting of the home, the decorative 
element should predominate. The lighting must, however, comply with 
the general rules of lighting (Sec. 175) concerning color, shadows, glare, 
and illumination. A room in which yellow or red is the predominant 
color gives a warm cheerful impression, whereas a room furnished in blue 
tends to produce the opposite sensation. Shade and softened shadows are 
preferable to sharp shadows or to no shadows. It is especially impor¬ 
tant that glare be minimized. 

Kitchen.—The kitchen requires plenty of well diffused light. Except 
for very large rooms one 100-watt or one 150-watt lamp in a diffusing- 
glass enclosed unit will furnish satisfactory general illumination. For 
exceptionally large rectangular rooms two units may be required. Unless 
the room is very small with light-colored walls and ceilings, the general 
illumination should be augmented by bracket or pendent lamps. A 
single light in the center of the kitchen usually compels the cook to 


rShacte 



\J5hss 
reflector 


L Heavy 
globular ~ 

hmp f ade 

K frame 


work entirely in her own shadow, whether 
at the range, the sink, or the kitchen cabinet 
or table. A single bracket over the center 
of the sink or a bracket at each side of the 
sink is nearly always necessary to eliminate 
the shadows. In some cases it may be 
advisable to locate similar bracket lights at 
the kitchen cabinet and a pendent unit 
over the range. 

Bedroom.—The illumination require¬ 
ments of the bedroom are somewhat 
similar to those for the kitchen. General 
illumination should be provided by means 
of a centrally located ceiling unit of low 
brightness so that it will not be uncomfor¬ 
table to the eyes of one lying in bed. 
Additional illumination should be provided 
at the dresser or bureau by means of either 
brackets or a portable lamp on each side 
of the mirror. 

Living Room.—Although there is a 
general tendency at the present time to 
eliminate the ceiling fixture, it is the opinion 
of experts that there will be a reaction to this practice. The central ceil¬ 
ing fixture if of a properly shaded type is the most desirable means of 
obtaining the general level of illumination required for festive occasions. 
For a quiet evening at home a lower level of general illumination may be 
obtained by means of the indirect type of floor and table lamps (Fig, 117). 


Pedestals 


Fig. 117.—Indirect type 
decorative floor lamp for 
residence illumination. 
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The chief function of bracket lamps is for ornamentation, and they should 
not be relied upon for providing the necessary light for useful purposes. 


203. I.E.S. Better-sight Lamp, Specifications Summary 







Distance from cen- 

Min. light out- 







ter of lamp, in. 

put in % of 












the bare-lamp 



Approx. 


Typical 







1itvnr»na 












Type 

lamp, 

watts 

reflector 

Brightness 0 

height** 

12 

18 

1 

24 

30 

36 

48 



diam., 

in. 

over-all, 

in. 

Above 










: 




Foot-candle 


the 

hori- 

Total 







illumination 


zontal 


Study and reading 













(table). 

100 

8 

No exposed sur¬ 
face for these 

28 

30 

20 

10' 

7 

5 


40 

75 

Study and reading 






(table). 

50/100/150 

9H 

lamps may ex¬ 

28 

40 

30 

15* 

10 

7 


40 

75 

Study and reading 



ceed a bright¬ 










(floor). 

100 

8 

ness limit of 3 

58 

30 

20 

10' ! 

7 

5 


40 

75 

Study and reading 

150 or 

m 

candles per sq. 

58 

40 

30 

15<* 

10 

7 


40 

75 

(floor). 

50/100/150 


in. in specified 






1 




Semi-indirect. 

100/200/300 

10 

directions from 

63 

40 


20 


15 

10 


75 


or 250 ind. 

i 

which the sur¬ 
face may be 
normally seen 










Indirect*. 

100/200/300 

10 

66 in. above and 

66 






10 


75 


or 250 


2 ft. out, 3 can¬ 
dles per sq. in.* 










End table/. 

100 

8 

l /i candle per 
sq. in. below 

23 

30 

25 

20 

10 



10 

65 

■ 







top of lamp/ 






. 


In addition to the above, the I.E.S. Specifications cover safety and construction but not, however, 
decorative treatment. 

a Brightness limit of Vi candle per sq. in. for shade applied to all types of lamps. 

* The specifications do not set limits for shade or over-all heights. 

« Normal illumination, 10 ft.-c. at 10 in. above table, 2 ft. out from shaft. 

Normal illumination, 15 ft.-c. at 10 in. above table, 2 ft. out from shaft. 

• To avoid concentrated amounts of light above unit, the candle power directly upward is limited to 
2\h times that emitted 45 deg. out. 

/ For the end-table lamp, the same 3 candles per sq. in. in brightness limits apply, except that 30 candles 
per sq. in. is allowed up to 36 in. above the floor, 2 ft. out from the shaft. 

204. For reading or studying, an I.E.S. lamp should be used (Fig. 118). 
This lamp is made in a variety of types for either table or floor mounting 
according to specifications drawn up by the Illuminating Engineering 
Society (Table 203), from which it receives its name. It consists of a 
bulb mounted base down in a reflecting globe which is open at the top. 
A reflecting shade, which is white on the inside and has a wider flare at 
the bottom than the usual decorative lamp, conceals the reflecting globe 
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and spreads the light rays so that there is good illumination on the read¬ 
ing plane at least as far as 2 ft. from the lamp stem. Any manufacturer 
whose lamps meet the specifications of the Illuminating Engineering 
Society, as determined by tests in the Electrical Testing Laboratories, 
New York, may be licensed to use the I E S. certification tag. About 
half of the light output of this lamp is directed upward to the ceiling so 
that it produces general room illumination. The rest of the light passes 
through the globe and is reflected by the white shade down on the read¬ 
ing plane. The advantage 

> Shade edge must come / 

v to or above this line -i/ 

l ' >f / 

\ ,6% Outside chaff) ' 


Shade mag take 
any contour within 
indicated limits 


I 6"Inside dtam/ 



Fig. 


118.—Design data lor 19-in. I.E.S. 
lamp. (Holophane Co.) 


of this lamp is that it pro¬ 
duces a high level of illumina¬ 
tion on the reading surface 
at a convenient distance 
from the lamp with sufficient 
general room illumination so 
that there is not too much 
contrast between the illu¬ 
mination on the printed page 
and on the walls of the room 
There is no glare from the 
lamp, since the bulb and 
globe are shielded from the 
eyes by the shade. A sum¬ 
mary of the principal 
specifications is given in Sec. 
203. 


206. Dining Room.—There are several satisfactory methods of illumi¬ 
nating the dining room, the selection depending upon personal taste. 
General illumination may be provided by means of a centrally located 
dome or indirect-lighting unit. Where a dome is employed, it should be 
hung just high enough above the table so that it will not obstruct the view 
of persons seated on opposite sides of the table, and low enough to hide 
the lamps from view entirely. The correct mounting height will usually 
be with the bottom of the dome 24 in. above the table top. Cove lighting 
by means of fluorescent lamps concealed in a trough a few inches down 
from the ceiling may be used. Wall brackets for decorative effects are 
also common. 

Bathroom. —In the bathroom the illumination of the mirror requires 
the greatest consideration. For the best illumination of the mirror two 
small brackets should be employed mounted on opposite sides of the 
mirror slightly above the level of the face. If it is impossible to mount a 
unit on each side, one small bracket or fluorescent unit directly over the 
center of the mirror will produce the next best results. For small bath¬ 
rooms the mirror wail brackets will supply sufficient general illumination 
for the rest of the room. In rooms of any appreciable size a central 
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enclosing unit should be used in addition to the bracket lamps. A sun 
lamp either centrally overhead or portable will provide healthful ultra* 
violet light for the winter months. 

206. Store Lighting. —The object of the lighting in a store is twofold. 
Primarily, sufficient illumination must be provided to enable articles for 
sale to be seen plainly. But of almost equal importance is the advertis¬ 
ing value. The lighting units should be so selected as to give a pleasing 
and cheerful appearance to the store as a whole, withdut glare. Stores 
may be divided into three classes: (1) the small store, in which efficiency 
is of first importance; (2) the large store, such as a department store, in 
which efficiency is necessary on account of the large areas to be lighted, 
but in which it must be balanced by artistic appearance, the result being a 
compromise between the two; (3) shops, large or small, in which the 
articles for sale are of a special type and the profits large enough so that 
even the most inefficient system can be afforded if it is sufficiently attrac¬ 
tive to appeal to customers. The general requirements which must be 
satisfied are outlined in the following sections: 

General Features of Store Lighting. —General lighting best meets the 
requirements for the lighting of stores. The lamps should be arranged 
symmetrically with respect to bays or pillars. Direct glare must be very 
carefully avoided. The position of the counters need not be considered 
in spacing the lamps. Local accurate-color-matching units are advis¬ 
able at certain points, such as ribbon and piece-goods counters. 

The intensity of illumination must be varied with the articles which are 
to be sold. Furniture requires well-diffused lighting of relatively low 
intensity. Colored dress goods, men's clothing, rugs and carpets, etc., 
require a high intensity. In many installations, side light is necessary 
and should be given especial attention in selecting types of units and 
reflectors. Cut glass and jewelry should be so lighted as to sparkle and 
glitter. This requires bare lamps and mirrored reflectors. Glare is to a 
certain extent, in this case, unavoidable, but the light units can usually be 
so located as to be out of the customer’s range of vision when he is inspect¬ 
ing the ware. Pictures require a high intensity with the light units at 
such an angle that light will not be reflected from the surface of the paint¬ 
ing, or from the glass, directly into the observer’s eyes. Individual 
units or mirrored-trough reflectors, with fluorescent or tubular tungsten 
lamps, are ordinarily used. 

Daylight fluorescent lighting units should be used to illuminate all 
items in which color under daylight is important, such as women’s 
dresses, coats, and furs; men’s suits and coats; draperies and curtains; 
tapestries; neckties; etc. Concealed colored fluorescent units should 
also be plentifully used for decorative effects. 

207. Show-window Lighting. —Since the primary object of a show 
window is to attract attention, it should be illuminated to a sufficient 
intensity so that it will stand out from its surroundings. Table 209 gives 
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a guide to the proper spacing and size of lamps for show windows in 
different locations. Great care should be exercised in designing show- 
window lighting so that the lamps will be concealed from view. The 
lighting equipment should be concealed from view either by recessing in 
the ceiling or by means of a valance between the reflector and the front 
glass of the window. A good way to blind your prospective customer so 
he cannot see the goods on display in your window is to put exposed lamps 
around the window borders, suspend them from chandeliers, or so install 
them in the top of the window that his eye cannot escape them (see 
Fig. 119). 

Shadows are necessary in window lighting in order to produce the 
desired effects, but they should not be too sharply defined. The light 



I I m 

Effect with Improperly selected reflectors Effect with proper reflectors 
Fig. 119.—Illustrating good and bad window lighting. 

should come from in front of the goods. If the lamps are placed in the 
middle of the show-window ceiling, the front of the goods displayed in 
the front of the window will be m darkness because of the shadows cast by 
them. 

If the back of the display window is not boxed in, or if the window 
back is of glass, a valance or curtain should be provided to screen the 
window lamps from the store, and to prevent back reflection to an 
observer on the sidewalk. 

Customers' attention should be attracted by illuminating selected 
articles with colored spotlights or arranging some of the circuits with color 
filters over the reflectors and putting them on dimmer cycles with motor- 
operated rheostats, or by having rotating color disks. Fluorescent units 
bring out the beauty of floral displays and give out very little heat. Day¬ 
light Mazda lamps bring out the beauty of polished aluminum and 
chromium-plated articles. 

208. Show-window Lighting Equipment —Angle-type prismatic or 
mirrored reflectors installed in a vertical position along the front upper 
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edge of the window are employed for show-window lighting. These 
special angle reflectors for show-window lighting are manufactured in 
many shapes in order to meet the varied requirements for the different 
types and sizes of windows. More than one row of reflectors with the 
lamps on several circuits are employed in many modern show windows so 
that a variety of lighting effects with respect to both intensities and color 
may be obtained. Beautiful artistic effects may be produced by the use 
of colored light obtained by placing a gelatin screen of the desired color 
over the mouth of the reflector. Spotlights are often used in addition 
to the regular lighting units in order to illuminate special parts of a dis¬ 
play to a high intensity. Spotlights will greatly enhance the effects pro¬ 
duced. No general rules can be given concerning the shadows and color 
of light to be used. Innumerable effects can be obtained. By experi¬ 
ment, the display manager should determine the proper effect for each dis¬ 
play to be lighted. 


209. Spacing of Reflectors and Sizes of Lamps for Show-window 
Illumination 

(Westinghouse Lamp Co.) 


Population of city or town 

Location of store 

Spacing of 
reflectors, 
in. 

Size of 

Mazda lamps, 
watts 

5,000 or less 

Main streets 

15 

150 


Side Btreets 

18 

150 

5,000-50,000 

Main streets 

12 

150-200 


Side streets 

15 

150 

Above 50,000 

Super white way 

15 

600 


Metropolitan district 

12 

200 


Main streets 

12 

150-200 


Side streets 

15 

150 


210. Method of Computing Show-window Illumination. —The average 
intensity of illumination produced on the floor or back wall of a show 
window may be obtained from the following formula. 


Intensity of illumination in foot-candles « ^ (11) 

Wherein A * a factor depending upon the size and spacing of lamps 
(Table 211); and B = a factor depending upon the dimensions of the 
window and the type of reflecting equipment (Tables 212 and 213). 

Example .—Determine the foot-candles of illumination produced on the walls and floor 
of a window 8 ft. high and 6 ft. deep lighted with 150-watt distributing units spaced 18 in. 
apart. 

/Solution.—From Table 211, factor A for 150-watt lamps spaced 18 in. apart is 1*470. 
From Table 213 for distributing reflectors, a depth of window of 6 ft. and a height of 
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window of 8 ft. give a value of 26 for factor B for the wall and a value of 13 for factor B 
for the floor. 

Average intensity on wall in foot-candles » 4 “ - 

Jo do 

! 56.5 ft.-c. 

Average intensity on floor in foot-candles « ^ ■* 

113 ft.-c. 

211. A Factors 

(Curtis Lighting, Inc.) 



212. B Factors for Concentrating Reflectors 

(Curtis Lighting, Inc.) 


Height of 
window, ft. 


Depth of window, ft. 


B factors for concentrating reflectors 



Wall 

18 

26 

35 

60 1 


Floor 

5 

6 

7 

8 

6 

Wall 

18 

27 

38 

41 

Floor 

6 

7 

8 

10 

8 

Wall 

18 

27 

38 

40 

Floor 

11 

9 

9 

11 

10 

Wall 

20 

29 

38 

45 

Floor 

13 

10 

10 

11 

12 

Wall 

24 


38 

45 

Floor 

13 

B9 

12 

13 


165 250 

12 15 


80 105 
20 22 
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213. B Factors for Distributing Reflectors 

(Curtis Lighting, Inc.) 




Depth of window, ft. 

Height of window, ft. 

2 

3 

4 

5 

6 

8 

10 

12 




B factorw for distributing reflectors 



Wall 

10 

13 

17 

21 

25 

33 

45 

55 


Floor 

6 

7 

8 

9 

10 

12 

15 

17 

0 

Wall 

11 

15 

19 

22 

26 

35 

38 

55 

Floor 

8 

8 

9 

10 

li 

13 

16 

18 


Wall 

13 

16 

18 

19 

26 

33 

41 

50 


Floor 

11 

11 

12 

12 

13 

15 

18 

20 

10 

Wall 

16 

18 

21 

23 

27 

35 

41 

50 

Floor 

14 

14 

14 

15 

15 

17 

20 

21 

12 

Wall 

~ 18 

20 

22 

25 

29 

33 

41 

50 

Floor 

19 

18 

17 

17 

17 

18 

20 

22 

14 

Wall 

21 

23 

1 25 

28 

31 

41 

43 

50 

Floor 

20 

20 

! 20 

! 

20 ! 

1 

20 

20 

23 

25 


214. Showcase Lighting.—The intensity of illumination for showcases 
should be about four times that of the general store. Individual show¬ 
case reflectors or trough-type reflectors installed along the front upper 
edge of the case as near as possible to the front glass will give satisfactory 
results. The individual reflectors are spaced on 12- to 24-in. centers 
with from 25- to 60-watt Type A lamps. With the trough reflectors 
25- to 50-watt tubular lamps spaced 12 to 24 in. apart are employed. 
Fluorescent lamps are easily concealed, keep the showcase cool, give 
high levels of illumination, and bring out color effects with excellent 
results. 

215. Office Lighting.—As office work is usually performed during the 
daylight hours, any artificial illumination is usually in conjunction with 
the available daylight. Since practically all the work done in an office 
is on plane surfaces such as papers, books, etc., shadows are not only 
unnecessary but are objectionable. Also, since the employees must use 
artificial illumination for long periods of time, the glare should be mini¬ 
mum. The above requirements render the indirect, or the very dense- 
bowl, semi-indirect units especially suitable for office illumination. The 
units should, as a general rule, be given a closer spacing than for other 
classes of service. This will produce a more gradual shading of any 
shadows and will also afford a greater flexibility in desk and partition 
arrangement. 
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216. Specific desk lighting should in general be avoided. This is 
particularly true in large offices in which there are a number of desks. 
A much better plan is to provide, as outlined under Office Lighting, a 



Fig. 120. —I.E.S.-type desk lamp for special office work. (<General Elec - 

trie Co.) 


general illumination sufficiently bright to render individual desk lighting 
unnecessary. Specific desk lighting should generally be restricted to 

cases where one or two 
desks are located in an 
office chiefly used for 
other purposes which per¬ 
mit of a comparatively 
low degree of illumination 
or for cases where very 
close continuous work is 
performed, requiring 40 
ft.-c. or more (Fig. 120). 

Portable desk lamps 
should preferably be of 
the fluorescent (Fig. 121), 
polarized-light, or I.E.S. 
types in order to give a 
good even illumination over the desk top without glare and with the light 
source concealed. An I.E.S. style lamp mounted on a swinging bracket 
is desirable where a lamp on the desk would be in the way of the work or 
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where a typewriter or calculating machine is used at one side of the desk, 
and the illumination must be adjusted between the desk top and the 
machine (Fig. 122). 

217. Lighting Codes 
and Legislation.—A few 
states, including Cali¬ 
fornia, Oklahoma, 

Idaho, Ohio, Kentucky, 

Oregon, Maryland, 

Washington, Mas¬ 
sachusetts, Wisconsin, 

Pennsylvania, New 
Jersey, and New York, 
have enacted statutes 
or lighting codes regu¬ 
lating lighting in indus¬ 
trial plants. Since it is 
the intention of the 
states only to protect 
the welfare of the citi¬ 
zens against undue 
accident hazard, the 
illuminations required 
by the statutes are usu¬ 
ally much too low for 
the best efficiency. 

Any lighting installa¬ 
tion planned according 
to the principles set 
forth in this division will in all probability satisfy any state code. How¬ 
ever, before a lighting installation is made in a factory or industrial plant, 
the designer should fully acquaint himself with any appertaining legislation. 

STREET LIGHTING 

218. General Requirements for Street Lighting.—In all classes of 
street lighting it is desirable to have (1) uniform illumination, (2) good 
diffusion to prevent sharp shadows, and (3) low intrinsic brilliancy to 
minimize glare. Since the utilitarian problem in street lighting is to 
expend the available money so that the most effective feasible installation 
will result, it is not usually feasible to attain all these desirable conditions. 
Ordinarily, the appropriation is not sufficiently large to provide a great 
enough number of units to secure uniform illumination. The units 
must, then, be so selected, located, and mounted that glint, shadows, and 
silhouette effect may be utilized to aid the visibility. Glint assists in 
increasing the apparent brilliancy of a specularly reflecting street and 



Fig. 122.—I.E.S. lamps on swinging brackets 
for illuminating keypunch machines. {General 
Electric Co.) 
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also reveals puddles on the sidewalk. Shadows are effective in locating 
small obstructions such as stones, curbs, holes, etc. Silhouette effect is 
the greatest aid in discerning large objects on the road or sidewalk such 
as vehicles, persons, posts, etc. Direct light is necessary to ensure 
recognition of the features of a passer-by. 

219. Recommended Practice in Street Lighting. —The Committee on 
Street and Highway Lighting of the Illuminating Engineering Society 
has developed from studies and investigations of test and statistical 
data a general set of rules to serve as a technical basis upon which effec¬ 
tive street lighting may be designed. The major purposes of street 
lighting as formulated by the Committee are: 

1. To promote safety and convenience in the streets at night through 
adequate visibility. 

2. To enhance the community value of the street. 

3. To increase the attractiveness of the street. Underlying all other 
objectives, the fundamental purpose of street lighting is, through good 
visibility, to promote the safer use of streets. 

219A. In designing an installation that will provide effectively the 
illumination required for the safe use of a street, a careful study of the 
problem from the following points of view is particularly necessary: 

1. Traffic. —Character, speed, and volume of vehicular traffic and of 
pedestrian traffic. 

2. Type of Street. —Classification according to use of street and of 
abutting property., 

3. Dimension and Design. —Width of street and sidewalk areas. 
Curb contours or absence of curbs. 

4. Street Surface. —Type, color, and reflection characteristics of 
paved or unpaved surfaces. 

5. Buildings. —Predominating type of construction and character of 
use. 

6. Transportation. —Public transportation facilities by street rail¬ 
way or buses. 

7. Parking. —Location of parking lanes and amount and method of 
parking. 

8. Trees. —Presence or absence, kind and height of trees, spread of 
branches over street and sidewalk, and height of lower branches; location 
on lot line or near curb. 

9. Due consideration must also be given to available funds and 
aesthetic requirements. 

220. The mounting height of a given luminaire (General Electric Co.) 
establishes the length of roadway included within the cone of light 
delivered by the unit. It must be considered, therefore, with respect to 
the spacing, if the desired uniformity of illumination and pavement 
reflections are to be obtained. Ratios of height to spacing vary from 
approximately 1:5 to 1:8, depending upon the photometric character- 
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iatics of the luminaire. The distance away from the unit at which the 
direct light from it is shut off is also a function of the mounting height 
and must be considered in connection with probable glare conditions. 
In general, highway lighting luminaires if mounted 25 to 30 ft. above 
the roadway give satisfactory results. Practical consideration must also 
be given to cost, accessibility, and other factors. 

The following table gives minimum acceptable mounting heights: 


220A. Minimum Acceptable Mounting Heights for Luminaires 

(Illuminating Engineering Society) 


Lamp size, lumens 

When using lumi¬ 
naires of max. con¬ 
centration (beam 
e.p. approx. Ho of 
lumen rating), ft." 

When using semi- 
concentratitig lunti- 
naiies (beam e.p. 
equals s j 0 of lumen 
rating), ft.*» 

When using diffusing 
globes only (max. 
e.p. approx. Ho of 
lumen rating), ft. 

1 ,000' 

15 

15 

15 

2,500* 

18 

18 

18 

4,000 

20 

18 

18 

6,000 

22 

18 

18 

10,000 

25 

21 

18 

15,000 

28 

24 

18 

25,000 

83 

| 27 

i 

20 


Obseive that the above are recommended minimum mounting heights. Higher 
mounting heights than these generally are preferable. 

* For example, a reflector-refractor type of luminaire providing this high degree of 
concentration. 

* There are other luminaires which have heen designed to give some degree of light 
redirection with reflecting or refracting equipment (sometimes using outer globes) which 
do not attain the high degree of concentration defined ir Column 2. From a glare stand¬ 
point these can be mounted somewhat lower as indicated. 

6 The 1,000-lumen lamps are to be used for between-intersection lighting only, on 
very light traffic streets and in alleys. There are no conditions of street lighting pre¬ 
vailing in the United States which justify the use of smaller than 1,000-lumen lamps. 
The 2,500-lumen lamp is the smallest size which may be used with good economy. 

* On foreitted streets a 15-ft. mounting height for 2,500-lumen lamps may be permis¬ 
sible, provided close spacing is used with post-lop units. 


Classification 
Very light... 

Light. 

Medium.... 

Heavy. 

Very heavy.. 
Heaviest. 


220B. Classification of Traffic 

(Illuminating Engineering Society) 

Volume of Vehicular 
Traffic (Max. Night Hour 
in Both Directions) 

.Under 150 

. 150- 500 

. 500-1,200 

. 1,200-2,400 

. 2.400-4,000 

.Over 4,000 
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220C. Lumens per Square Foot (Foot-candles) Recommended for 
Various Types of Roadways Carrying Traffic of Various Degrees of 

Density 

(Illuminating Engineering Society) 


Type of roadway 

Very light 
traffic 

Light 

traffic 

Medium 

traffic 

Heavy 

traffic 

Very heavy 
traffic 


Av. 

Min 

Av. 

Min 

Av. 

Min 

Av 

Mm 

Av 

Min 

Principal business streets 



0 4 

0 1 

0 8 

0 2 

1 2 

0 3 

1 5 

0 4 

Secondary business streets 



0 3 

0 07 

0 6 

0 15 

1 0 

0 25 

1 3 

0 3 

Through high-speed arteries 











(other than business streets) 



0.3 

0.07 

0 6 

0 15 

1 0 

0 25 

1 3 

0 3 

Express freeways and via¬ 











ducts. .. 





0 4 

0 1 

0.8 

0.2 

1.2 

0 3 

Residence streets 

0.1 

0.02 

0.2 

0 05 

0 4 

0 1 





Industrial warehouse streets. 

0.1 

0.02 

0 2 

0 05 

0 4 

0 1 









. 








Note —These recommendations apply where pavement-reflection characteristics 
are favorable, as in the case of light concrete or light-finished asphalt. Somewhat higher 
foot-candle values should be employed where street-surface reflections are less favorable. 


ISSanlB 


220D. The effectiveness of a luminaire is determined by the amount 
of light delivered to useful areas, and not by the total output. The 

amount of light delivered to useful areas 
divided by the total amount generated 
is called utilization efficiency and is 
obtained by the formula 

Utilization efficiency 

_ effective lumens 
generated lumens ' 

For convenience a chart of utilization 
efficiency may be prepared for a 
luminaire, and from this chart average 
intensity for a given installation com- 
0 0.510 15 20253.03.5 40 4.5 SO puted. Such a chart for the General 
Rotio«^IQ-2fit££|i Electric Form 86 Novalux Highway- 
Fio. 123.-E e ffective U Tumen 8 ^ htin « luminaire is shown in Fig. 123. 
on roadway. (<General Electric The average foot-candle intensity is 
Co.) computed from the formula: 


Average foot-candles 


effective lumens 
spacing X street width 


(13) 


The value of foot-candles obtained from For. (13) should then be checked 
against the recommended values given in Table 220C. 
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221. Recommended Lamp Size, Mounting Height, and Spacing of 
Street-lighting Units 

(Illuminating Engineering Society) 


Street classification 0 

Lumens 

Mounting 
height, ft. 

Spacing measured 
along middle line of 
street, ft 

Alleys 

1,000 

15 

150-200 Staggered 

Very light traffic 

1,000 

15 

90-110 Staggered 


2,500 

20-22 

130-170 Staggered 


4,000 

25-30 

200-250 Center 

Light traffic 

2,500 

16-18 

10B-120 Staggered 


4,000 

20-25 

130-170 Staggered 


6,000 

22-25 

130-170 Staggered 

Medium traffic 

6,000 

20-25 

100-120 Staggered 


10,000 

22-27 

130-170 Staggered 


15,000 

25-30 

130-170 Staggered 

Heavy traffic 

10,000 

24-28 

100-150 Opposite 


10,000 

24-28 

75- 90 Staggered 


15,000 

24-28 

150-180 Opposite 

Very heavy traffic 

15,000 

25-30 

100-150 Opposite 

Heaviest traffic 

15,000 

25-30 

100 Opposite 


° Because of greater street widths, larger lamps or closer spacings than shown usually 
are required on business streets to produce desired results. Among the foregoing the 
larger lamps or the closer spacings are appropriate on business streets. 


221A. Location and spacing of Btreet-lighting units are shown in 
Figs. 124 and 125. 

222. Incandescent, combination mercury-vapor and incandescent, and 
sodium-vapor lamps provide the most economical illumination for 
streets. In cities the incandescent lamp is the most generally used 
because of its good white-light qualities. The mercury-vapor and 
incandescent combination provides the good detail-revealing quality and 
high-lumen output of the mercury lamp. The incandescent lamp is 
added to correct the sallow color effect of the greenish-yellow mercury 
light and to provide light during the starting period of the mercury- 
vapor lamp. Some of the smaller cities are using this type. The 
sodium-vapor lamp (see Secs. 119 and 120) has about 2>£ times the 
lumen output of the incandescent lamp and at the same time gives a 
monochromatic yellow light which is excellent in showing up details of 
the road and in piercing fog. Bright automobile headlights are 
unnecessary where the highway is lighted with these lamps. The yellow 
color gives a person’s skin a very sallow appearance so that it is undesira¬ 
ble in shopping areas where pedestrians congregate and should be kept 
in a good frame of mind. It is excellent for lighting of main automobile 
thoroughfares in rural sections and on city approaches. It is also desira- 
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ble at tunnel entrances, grade crossings, bridges, and other places 
hazardous to traffic. 


MINIMUM RECOMMENDATIONS 

Maximum Spacing* for Mounting Height* Shown 
Minimum Lamp Slam for Spacing. Shown 
THOROUCHFARES 
Light Traffic 

Height: IS' Minimum 20-25 Preferred 


(Curb 


wlSO'Shqqered* 4000LumenJ W Ocp)lamp 


i r 


Light traffic thoroughfares usually carry a 
maximum of not more than 500 vehicles per 
hour in both directions. 


r^r 

s> 


n 
* 


Medium Traffic 

Height: 18' Minimum 20 -30’ Preferred 


__| 1 jCurb 

'rlSO’Sfoggcrcd H 10.000Lumen (1000cp) lamp 
-a- --^ f - 


Medium traffic thoroughfares usually carry 
a maximum of approximately 800 to 1200 
vehicles per hour in both directions. 


Heavy Traffic 

Heighti 18' Minimum 20'-30' Preferred 


I i {Curb 

\450'0pposite •) 10.000Lumen (lOOOcp)lamp 


Heavy traffic thoroughfares usually carry a 
maximum of more than 1500 vehicles p*r 
hour in both directions. 


RESIDENCE (Non-Thoroughfares) 


j i £?* 


_ _j [fiurb 

\42S'Skmredb LOOP Lumen 000co) lamp j + _ 


At intersections use two 2500 or one 4000 
lumen lamp, center span, mounting height 32 
feet to 25 feet. 

At intersections use two 2500 or one 4000 
lumen lamp, center span, mounting height 22 
feet to 25 feet. 


rvf 

! ♦ 


#Th 




HIGHWAYS 

"A"3-4 Lane _, 

On curved highways the Lummaire should 


be mounted over the outside of the c 


*.£ 


S 

_1 


4000Lumen 
(400cp) lamp 

BUSINESS STREETS 

Business streets should be classified for vehicular traffic as thorough* 
^ fares and light added for pedestrians depending on density of traffic. 


-5 


is are bated oa the ■ 


Fig. 124. —Minimum recommendations for location and spacing of street 
lighting units. (Illuminating Engineering Society.) 


When multiple incandescent lamps are employed, they are of the 
ordinary general-lighting-service type. Refer to Table 81 (clear-glass 
bulb) for the multiple lamps available and to Table 83 (street series 
service) for the series lamps. 






TYPES OF PAVEMENT The illumination here recommended it for pavements permanently light in color end 
i« on the order of 0 2 to 0 5 lumens per square foot of pavement Recommendations for dancer oil-polished 
surfaces are of 0 3 to 1 0 lumens per square foot Very dull black pavements require 1 0 to 2 0 lumens per square 
foot of pavement and specialized lighting treatment 


VARIATIONS IN ARRANGEMENTS Recommended illuminations may be obtained with larger illuminanb 
on wider spacing* or with smaller ones spaced more closely Selection of spacing may vary with local circumstances 
Lamps should be mounted at least 25 feet above the grade and over the pavement, as no practical increase in lamp 
size along the side of the highway compensates for the resultant loss or effectiveness 


PRINCIPLES USED IN PRACTICE The following are not specified In the code but have been found valid and 
in keeping with those of the code Mount lamps over the pavement preferably 5 feet from its edge The best 
arrangement where practical is a row over the center of each lane On curves the lamps should be mounted on 
the outside For two-lane highways a staggered arrangement is preferred For three-lane and wider highways, 
staggering is necessary for spacings greater than 70 feet; for smaller ones, opposite arrangements may be used 
Extremely widt light distribution from sodium lamp luminaires commands thair use on four-lane or wider highways. 

Fig 125.—Minimum recommendations for locations, spacing, and sise of 
lamps for highway lighting. {Illuminating Engineering Society .) 
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223. Use of Mercury-vapor Lamps (General Electric Co.).—The 
light source is a tubular mercury-vapor bulb supported in a tubular 
jacket for protection against drafts and the hazards of handling. This 
bulb contains argon gas for starting, and a carefully measured quantity 
of mercury. The lamp operates from conventional lighting circuits 
when provided with a suitable reactor or transformer to regulate the 
current. 

At first the glow is pale blue. Full light output is reached in about 
10 min., and the discharge becomes a very hot, brilliant arc stream. 
Operation within 10 deg. of vertical is necessary to keep the heat of the 
discharge from melting the glass. Horizontal operation is possible but 
involves complex auxiliary equipment. 

Mercury lamps are generally used in combination with incandescent 
lamps (Fig. 126) to provide heat to ensure reliable starting of the mercury 
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improvement 
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Fig. 


Hr Wiring diagram for 
parallel circuit 

126.—Combination mercury-incandescent street lamp. ( General 
Electric Co.) 


F-Wiring diagram for 
series circuit 


lamps at subzero temperatures, to correct partially the quality of light 
in the vicinity of the luminaire, and to provide some illumination in case 
the mercury lamp should not light immediately. In this connection it 
should be noted that after a brief power interruption there will be approx¬ 
imately 20 min. delay in the restarting of the mercury lamp, since it 
must cool off before it will restart. For maximum efficiency in the 
performance of its intended functions, a single incandescent lamp is 
mounted above the mercury lamp. 

These luminaires give a symmetrical light distribution especially well 
suited to many business districts of cities. They can be used wherever 
the local situation will justify 10,000- to 25,000-lumen incandescent 
lamps. In some cases mercury-incandescent luminaires will result in 
lower over-all cost of street lighting—in other cases they may not. 
For an accurate indication of comparative costs for any particular 
project, it is essential to consult someone familiar with local conditions— 
the central-station company or the municipal lighting plant. 

224. Street-lighting Bystems may be supplied with power in either of 
two ways: (1) through a multiple or constant-voltage system or (2) 
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through a series or constant-current system. With the multiple system 
the supply circuit is maintained at approximately constant voltage. 
In city lighting the lamps may be supplied from the same network 
power-supply mains used for residential and commercial customers. 
In rural districts an occasional group of lights at an intersection or 
danger point may be supplied from high-voltage feeders through an 
independent step-down transformer. With the series system the series 
of lamps is supplied from a constant-current regulating transformer (see 
Div. 6 on Transformers). This automatically controls the current and 
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Fig. 127.—Enclosing globe street-lighting fixtures. (Westinghouse Electric 
& Manufacturing Co.) 


voltage of the circuit and maintains a constant current regardless of the 
number of lamps burning. This system is normally used to supply 
continuous systems of lights in residential districts, on parkways, or 
along highways, where it is not convenient to connect to low-voltage 
circuits. The current is normally 6.6 amp. with a maximum circuit 
voltage of about 5,000 volts. A series circuit is commonly used with 
sodium-vapor lighting, a multiple circuit with mercury-vapor, and 
either type with incandescent lamps. Mercury-vapor lamps may be 
supplied from a series circuit using reactor-type insulating transformers 
(see Fig. 126, II). 

226. Film cutouts (Westinghouse Electric & Manufacturing Co.) are 
used on series circuits to ensure continuity of the circuit and to prevent 
radio and telephone interference caused by harmonic voltages after a 
lamp failure. 

Each film cutout (Fig. 127, I) is inserted between the series socket 
prongs and is consequently in parallel with the lamp. It acts as an 
insulator at voltages somewhat higher than the normal lamp voltage, 
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yet upon failure of the lamp it breaks down at a value below the open- 
circuit voltage of the line. 

With the tendency to increase current and voltage ratings of street¬ 
lighting circuits and lamps, the proper application of film cutouts and 
their correct functioning becomes of extreme importance. The film 
cutouts are now recognized as an important connecting link in the system, 
and their failure to operate properly may cause expensive and serious 
lamp outages, possible damage to equipment, and both radio and tele¬ 
phone interference due to harmonic voltages. 

The film cutouts function as follows: 

1. They break down immediately upon failure of the lamp filament 
(owing to burnout or mechanical damage) and ensure continuity of the 
circuit by short-circuiting the socket prongs. 


Clamps Supporting cable 



Setscrew - 
Adjustable socket^ 
support 

Ref lector damp/) 
screw ‘ 

Locknut• '' 



Cast iron canopy 
Series socket receptacle 
Gasket 

<Senes socket 
''Reflector holding ring 


Reflector (porce/a/n 
enamel or alzak aluminum) 


I- Pipe supported fixture 
(Showing interior construction) 


Fig. 128.—Radial-wave open reflectors for street lighting. (Westinghouse 
Electric & Manufacturing Co.) 


2. The short circuit established by the broken-down film cutout is 
positive and permanent. Its current-carrying capacity is sufficient to 
avoid excessive voltage (1R) drop, thus eliminating unnecessary line 
losses, radio and telephone interference, and overheating of the socket 
and receptacle. 

226. Autotransformer. —To secure the full advantage of the higher 
efficiency type of series incandescent lamp, a larger current is necessary 
than is usually available in the ordinary series circuit. To obtain this 
current, a special autotransformer is used (Fig. 127, IT). The standard 
winding is for a 6.6-amp. primary with an extra tap provided for use on 
7.5-amp. circuits. 

Taps are provided on the standard 10,000-lumen autotransformer to 
take care of 6,000-lumen 20-amp. lamps and on the standard 6,000- 
lumen autotransformer to take care of 4,000-lumen, 15-amp. lamps. 
Windings for other current ratings may be obtained. 

227. A reflector should always be used with any street-lighting lamp. 
Where no reflector is used a large portion of the light generated is pro- 
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jected above the lamp into the air and is wholly ineffective in lighting 
the street. A lamp hung so low that it lies within the range of vision of a 
near-by observer will be a source of glare if it is not provided with a 
proper reflector. The most effective type of reflecting equipment in 
street lighting, especially as regards that large portion of the city outside 
the white-way district, where questions of economy and efficiency are 
paramount, has been the subject 
of much controversy. There 
are today five types of reflecting 
equipment in use for street 
lighting: (1) the flat reflector 
without diffusing globe (Fig. 

128), (2) the airplane-type re¬ 
flector for sodium-vapor lamps 
(Fig. 55, II), (3) the enclosing 
diffusing globe (Fig. 127, D, (4) 
the prismatic refractor enclos¬ 
ing or partially enclosing the 
light source (Fig. 129,1), and (5) 
the prismatic refractor within a 
globe of stippled or pebbled 
glass which produces a slight 
breaking up of parallel rays of 
light without greatly altering 
their direction (Fig. 127, II). 

Distribution curves of the three 
last-named types of units 
equipped with a (10,000-lumen) 

Mazda C lamp are shown in 
Fig. 129. 

228. In locating single light 
units along the curb (see Fig. 


rrL 

I- Prismatic R efractor Enclosing Light Source 



H • Flat Reflector With Diffusing Globe 



BZ' Prismatic Reflector With Stippleot Glass Globa 
Fig. 129!—Graphs of candle-power 
distribution of typical street-lighting 
units. 


130), the best results are obtained by allowing the lamps to hang from 1 
to ft. outside the curb line. In the case of single-line lighting, a 
distance of from 3 to 5 ft. outside the curb line is usually desirable. 
Lighting units may also be placed over the center of the street, either by 
suspension or on ornamental standards placed on “islands of safety.” 
Some typical pole mountings for highway lighting are illustrated in Fig. 
130. 


Where lamps are installed on streets bordered with trees great care 
should be employed to avoid the casting of heavy shadows by the foliage. 
With upright ornamental units the lamps should always be hung a trifle 
lower than the lower branches of the trees if possible. a If they are not, 
heavy shadows will be cast by the branches and the effectiveness of the 
illumination will be greatly impaired. Usually better results can be 
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obtained by the use of bracket units with a mounting height of 16 ft. or 
more. The use of bracket units will generally result in less foliage 
interference. 
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enclosing globe vapor lamp 



t 


Four anchor bolts 
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distance above 
foundation level 
H'diam i.Q 
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Fig. 130.—Pole mountings for highway lighting. (<General Electric Co.) 


In locating lamps along curved roadways it is often considered pref¬ 
erable to place them as suggested in Fig. 131 rather than all on the same 
side of the road. When judiciously arranged as in the manner shown the 
visibility is greatly increased, owing to the silhouette effect and shadows 

produced. Its chief 
objection is that the 
sidewalk is, in places, 
poorly lighted. In 
crossing from one side of 
the road to the other in 
the location of the units 
at curves, it is best to 
locate a pair of units 
opposite each other, as 
in Fig. 131. This will 
avoid confusion in determining the direction of the road. In the illumina¬ 
tion of boulevards with sharp curves it is not good practice to stagger the 
location of units, as such an arrangement does not indicate well the 
direction of the road. 



Fig. 131.—Preferable method of locating lighting 
units along a curved roadway. 


FLOODLIGHTING 

929. Modern floodlighting (General Electric Co.) meets many utili¬ 
tarian requirements as well as many applications concerned with decora¬ 
tion, aesthetics, or advertising value. Protecting property after nightfall, 
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completing a construction job within the time allotted, illuminating a 
dangerous traffic intersection, and prolonging the hours of play on recrea¬ 
tional areas are only a few of the almost infinite applications of utilitarian 
floodlighting. 

As an advertising medium that compels attention without detracting 
from the beauty or dignity of a building, floodlighting offers its best 
proof by the many excellent examples to be found in almost every city. 
The natural beauty of churches, civic buildings, monuments, and gardens 
is often enhanced by skillfully applied floodlighting. 

230. Lighting Effects and Location of Projectors (General Electric 
Co.).—The lighting effect to be obtained is generally dictated by available 
projector locations, architectural conformation and detail, type of 
business or institution, surroundings, and similar considerations. As 
the design of a new building evolves, however, the architect may well 
treat night illumination not as an afterconsideration but as an integral 
part of the final appearance of the building—which is coming to be 
considered as important by night as by day. Thus the lighting effect 
desired dictates the provision of suitable projector locations instead of 
the available projector locations dictating the lighting effect. 

Small buildings of simple architectural treatment are generally most 
effective when floodlighted with uniform illumination by projectors 
placed on curb posts or on buildings not more than 200 ft. away. This 
method of over-all illumination, free from shadows, tends to bring out the 
solidity, strength, and mass of the building. 

Larger buildings and skyscrapers with setback features and towers 
offer floodlighting the opportunity to increase their apparent height 
and grace and to emphasize distinctive architectural features by tasteful 
use of shadow effects, and color if appropriate. The projectors are 
usually placed immediately inside and below the parapet of ledges 
formed by setbacks. In cases involving floodlighting of architectural or 
sculptural detail, the architect's viewpoint should govern. 

Floodlighting of construction or recreation areas is chiefly a problem of 
providing light for seeing, and the location of floodlighting projectors 
should be critically studied to eliminate glare resulting from a direct 
view of bright light sources in the usual field of vision. 

231. Color (General Electric Co.).—Floodlighting with color adds to 
ordinary exterior lighting the increased effectiveness of brilliant colors 
and subtle pastel shades. Attention-compelling, high in advertising 
value, and aesthetically pleasing, color has been found to be a useful ally 
in floodlighting. 

By the simple expedient of changing the colored cover glasses or 
filters on the projectors, a new artistry is introduced for the enhancement 
of buildings and monuments, fountains and gardens. Recently devel¬ 
oped gaseous-discharge light sources are inherently colored and conse¬ 
quently produce colored light many times more efficiently than by 
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methods of absorption necessary with incandescent lamps. Although the 
use of gaseous-discharge lamps for floodlighting is not yet widespread, 
their higher efficiency as a source of colored light indicates more extensive 
use of colored floodlighting in the future. 

Floodlighting reaches its apex in beauty and effectiveness with the 
application of mobile color lighting. The idea of color that continually 
changes the aspect of buildings and fountains achieved almost immediate 
acceptance at its introduction, and a variety of excellent examples of this 
treatment are in service. The display of animated color attracts the 
attention and approval of everyone. With Thyratron-reactor control, 
mobile color lighting becomes completely automatic. The striking 
beauty of many different color combinations can be obtained economically 
and can be accurately repeated in ever-changing procession without the 
use of cumbersome mechanical devices. 




I - Open type II-Open elliptical type 

Fiu. 132.—Floodlighting units. 



XT 

H- Ornamental unit 


232. Reflectors for floodlighting may be of the open type (Fig. 132, I 
and II), the ornamental type (Fig. 132, III), or the enclosing type (Fig. 
133). The open type is commonly used for the floodlighting of games, 
such as baseball, tennis, etc., and for utility areas such as gas stations, 
parking spaces, etc. The ornamental unit is used mainly for flood¬ 
lighting of buildings in city installations. The units are mounted on 
poles located near the sidewalks. This unit harmonizes with the street 
lighting, and the average person would not notice that it is being used 
for lighting the building instead of lighting the street. The enclosing 
type is used for floodlighting of buildings, when units, which direct the 
light upward, are mounted in niches or parapets or behind shrubs on the 
ground. The enclosing type is also used for sports such as baseball and 
football, where the units are located a long distance from the field. 

233. Floodlights should be located so that they do not produce undue 
glare and so that they are relatively inconspicuous t6 the players and 
spectators. 
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284. Design of Floodlighting Installations (General Electric Co.).— 
The design of a floodlighting installation is the summation of a great 
variety of widely varying factors, each of which bears an important 
influence upon the resultant effect. The experience of the floodlighting 
engineer, the effect demanded by the architect, and the numerous uses of 
floodlighting for many different buildings and lighted surfaces are only a 
few of these factors. 

Although it is true that much of floodlighting practice can be reduced 
to factual data, the experience of those designing the installation will do 
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Fio. 133.- -Detail of enclosed floodlight. (General ElectricfHo.) 


a great deal to determine the final result. A few hours spent experi¬ 
menting with various floodlighting projectors on different surfaces at 
varying distances is of great value in this connection. 

Because of the relatively few hours they are operated per season, it is 
economical to operate floodlight lamps at about 10 per cent over their 
rated voltage (see Sec. 85). The gain in lamp efficiency thus obtained 
provides for a saving of about 25 per cent in the number of floodlights 
and about 14 per cent in the amount of power used. Lamp life is reduced 
to about 30 per cent of normal but on the average will be sufficient for 
two seasons’ operation or longer. 

The following tables and suggestions are intended as a condensed 
general outline of current floodlighting technique and should be used 
only as a guide. 
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235. Foot-candle Recommendations for Floodlighting Applications 

(General Electric Co ) 

Buildings and Monuments 




Foot-candles for downtown* 


Approx 

buildings in cities of 

Representative building 

reflection 




materials 

factors 
per cent 

Over 

50 000 

Under 



50 000 

to 5 000 

5 000 

White terra cotta 

Cream terra cotta 

1 „ 

15 

10 

5 

Light marble 

Light gray limestone 

Bedford limestone 

Buff limestone 

Smooth buff face brick 

Briar hill sandstone 

/ 

| 50 

20 

15 

10 

Smooth gray brick 

Medium-gray limestone 

Common tan brick 

i " 

30 

20 

15 

Dark field-gray brick 

Common red brick 

Brownstone 

\ 

j 2° 

r >0 

30 

20 


Utilitarian and Protective Purposes 


Service 

rt -c 

Service 

11 -c 

Construction work 

5 

Parking spaces 

1 

Dredging . 

2 

Protective industrial 

0 2 

Gasoline service stations 


Quarries 

2 

Buildings and pumps 

20 

Shipyards (construction) 

5 

Yard and driveways 

5 




Special Applications 


Trees 

5-20 

Smokestacks 

15 

Flags 

30 

Art-glass windows 

20-200 

Loading docks 

5 

Waterfalls 

10 

Loading platforms 

5 

Water tanks 

15 

Signs 

30 




Note —Buildings composed of material having a reflection factor much below 20 
per cent cannot economically be floodlighted unless there is a large amount of light trim. 

* For buildings in outlying distncts use the foot-candles recommended for downtown 
buildings in cities of the next smaller classification 







236. A Guide to the Selection and Location of Floodlighting Equipment 

(General Electric Co ) 


16 



Buildings of setback type. 
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237. Number of Projectors. —Use the following formula to deter¬ 
mine the number of projectors which will produce the required level of 
illumination— 


Number of projectors 


area in sq. ft. X ft.-c. 
0.7 X beam lumens 


(14) 


where area * area of surface to be lighted, in square feet; ft.-c. » foot- 
candles from Table 235; 0.7 «* the maintenance factor and represents an 
allowance of 30 per cent for depreciation in service; and beam lumens 
= a figure to be obtained from manufacturers’ catalogues for the specific 
equipment under consideration. 

238. For floodlighting a baseball diamond 
the location of poles is shown in Fig. 134. 

These fields generally use the open-type 
reflectors. Major-league fields and class AA 
fields require a much higher illumination and 
better control of light. For these fields 
floodlighting projectors or a combination of 
floodlighting projectors and open-type 
reflectors are used. When this combination 
is used, about 25 per cent of the load is 
required in floodlighting projectors, the 
majority of which are placed on poles 1, 

2, 3, and 4 with only a few on the other poles 
to light the short center field. Table 239 



Fig. 134. —Location of 
poles for floodlighting a 
baseball diamond. ( Gen¬ 
eral Electric Co.) 


gives the approximate total rated kilowatts of lights and their mounting 
height for five classes of field. The proper distribution of the load 
between the various poles of Fig. 134 is shown also. 


239. Load Required and Mounting Height for Baseball Floodlighting 

(General Electric Co.) 


Clans 

Kw. load at 
normal voltage 

Mounting height, ft. 

Major league 

750-1 

,000 

t Open units, 100 min. 

| Closed unita, 120 min. 

AA 

400- 

000 

f Open unite, 100 min. 
v Closed unite, 120 min. 

A and B 

200- 

350 

80-90 

C and D 

175- 

250 

70-80 

Semipro 

100- 

150 

60-70 


Distribution of Load between Poles 


Pole Location 
1 and 2.... 
3 and 4.... 
5, 6, 7, 8... 


Per Cent of 
Load per Pole 

_ 10 

- 20 

. 10 
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240. For floodlighting a football field (Fig. 135) open-type reflectors 
are used when they are located between the stands and the field and 
enclosed projectors when they are located behind the stands. The size 
of the audience and the skill of the players determine the number of 

units. 



SYSTEM Co) 
Open-type 
reflector 


Fig. 135.—Two systems for locating floodlights 
for a football stadium. {General Electric Co.) 


1. For high schools 
and small colleges five 
poles are erected on each 
side of field, 75 ft. apart, 
about 45 ft. high and 
approximately 15 ft. 
from the side lines. 
Five to six kilowatts on 
each pole is minimum 
for small schools, six to 
twelve kilowatts for 
larger schools. 

2. For medium-sized 


stadiums, six towers, three on each side, are mounted behind or in back of 
the stadium, 70 to 90 ft. above the playing field. The towers are spaced 
about 150 ft. apart with 12 to 201,000-watt floodlight projectors per tower. 

241. For floodlighting of race tracks (General Electric Co.), 16-ft. 
mast arms equipped with two 750-watt R.L.M. domes (Fig. 136) are 



located on the inside of the track. On the home stretch use two rows of 
single 1,500-watt units, one on inside, one on outside of track. On curves 
and backstretch, two units per mast arm are placed 4 and 16 ft. out from 
pole. White canvas on fence is commonly used in this area to silhouette 
horses so that they are easily visible from the grandstand. Floodlight 
projectors may be placed on the grandstand if needed to light the track 
in front of the grandstand, where poles would obstruct view. Recom¬ 
mended spacing is 50 ft. 
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242. Archery (General Electric Co.).—This increasingly popular sport 
requires sufficient light not only to illuminate the target satisfactorily 
but also to light the area surrounding the target. Targets are usually 
spaced about 10 yd. apart for safety. 

Type of projector: one narrow beam for each target. Location: directly 
behind and to left of archer, mounted 10 ft. high. Lamp size: 250-watt 
for average ranges, 500-watt for longer range. 

243. Badminton (General Electric Co.).—Because of the high flight 
of the bird, the lighting arrangement must avoid overbright light sources 
in the players' eyes while looking upward. Uneven levels of illumination 
will cause the bird to appear to hop or change speed in flight. 

Indoor. — Type of unit: 24-in. glassteel. Location: three units, 25 ft. 
high, at each end of net. Lamp size: 750-watt. Foot-candles recom¬ 
mended: 25. 

Outdoor. — Type of reflector: two-socket open type, mat porcelain 
enamel. Location: one reflector at each end of net on 25-ft. poles. Lamp 
size: 750- or 1,000-watt, inside frosted. Foot-candles recommended: 25. 

244. Bathing Beaches (General Electric Co.).—The swimming area 
as well as the beach should be illuminated. The size and type of beach 
determine projector locations, direction of beam, etc. 

Type of projector: banks of narrow-beam, floodlighting projectors. 
Location: 200 to 400 ft. apart, mounted 40 to 80 ft. high. Lamp size: 
1,000-watt. Foot-candles recommended: sufficient projectors located in 
each bank to provide approximately 1 ft.-c. evenly distributed. 

245. Billiards (General Electric Co.).— Type and location of reflectors: 
(1) Three 100-watt deep-bowl porcelain or parchment reflectors spaced 
3 ft. apart along center line of table, mounted 5 ft. above floor. (2) 
Where unobstructed view throughout room is desirable, a trough-type 
housing with lens plates or aluminum parabolic reflectors with silvered- 
bowl lamps may be used. Four 100- or 150-watt lamps spaced 1)$ ft. 
apart will give good concentration of light at mounting heights up to 
10 ft. 

246. Bowling Alleys (General Electric Co.).—Bowling alleys require 
good uniformity of illumination along each alley, with light sources well 
shielded from players. Additional supplementary floodlighting should 
be provided directly on the pins, usually supplied by a 200-watt projector 
mounted above and a little ahead of the pins. 

Type of reflector: angle type. Location: 9 ft. apart on center line of 
each alley and about 10 ft. above alley. Lamp size: 150-watt. Foot- 
candles: on alley, 10; on pins, 25. 

247. Bowling on the Green (126 by 126 ft) (General Electric Co.).— 
The court should be fairly uniformly lighted to about 5 ft.-c. and from a 
sufficient number of sources so as to minimize long sweeping shadows. 

Side Lighting. — Type of reflector: elliptical angle. Location: 21 ft. 
from the ends, 42 ft. apart on each of the four sides, and 5 ft. or more 
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outside the boundaries of the green. Lamp size: 750-watt. Mounting 
height: 20 ft. 

Overhead Lighting. — Type of reflector: R.L.M. domes. Location: 
25-ft. centers, strung 25 ft. above green on messenger cables. Lamp 
size: 500-watt. 

248. Boxing (General Electric Co.).—The level of illumination required 
for boxing is dictated by such considerations as the size of the audience, 
importance of bout, and whether or not motion pictures are to be taken. 

Championship. — Type of reflector: open concentrating. Location: 
36 units, 18 ft. above the ring. Lamp size: 1,000-watt. Foot-candles 
recommended: 500 or more. 

Average Bouts. —Nine or sixteen 1,000-watt units, according to the 
bout's 4 importance, uniformly spaced above ring to produce 100 or 200 
ft.-c. Other specifications are identical with those for championship 
exhibitions. 

249. Croquet or Roque (30 by 60 ft.) (General Electric Co.).—Good 
lighting must be uniform and free from shadows for the accurate execution 
of difficult shots. Five foot-candles is recommended. 

Side Lighting. — Type of reflector: open-type angle. Location: 12 ft. 
from the end of the court, 36 ft. apart, and mounted on 16-ft. poles. 
Lamp size: 500 watt. 

Overhead Lighting. — Type of reflector: R.L.M. domes. Location: 
strung on messenger cables 25 ft. above the court on 15-ft. center. Lamp 
size: 300-watt. 

260. Golf Driving Range (General Electric Co.).—Short high shots as 
well as long, powerful drives must be illuminated so that players may 
follow the ball throughout its flight. 

Types of projectors: (1) High candle power, narrow angle for long drives, 
(2) medium angle for short high shots. Location: one projector for each tee 
with no less than a total of nine projectors for any driving range. About 
one-fourth of the units should be medium-angle projectors. Mounting 
height: approximately 15 ft. Lamp size: 1,000-watt, G-40 for narrow- 
angle projectors; 1,000-watt PS-52 for medium angle. 

261. Hockey (Outdoor) (General Electric Co.).—The extremely fast 
action of hockey requires at least 10 ft.-c. of illumination to enable both 
players and spectators to follow the puck throughout the rink. The units 
should be located just outside the rink to prevent slush and water from 
dripping on the ice and causing rough spots. 

Type of projector: two floodlighting projectors or open-type reflectors 
per pole. Location: mounted 25 ft. high and spaced about 50 ft. apart. 
Lamp size: 1,000- or 1,500-watt. Foot-candles recommended: 10. 

262. Horseshoe Courts (General Electric Co.). — 1. For One to Three 
Courts. — Type of reflector: elliptical angle. Location: on 20-ft. poles. 
Lamp size: 300- or 500-watt. 
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2. For More Than Three Courts.— Place, in addition, one R.L.M.- 
dome with a 300-watt lamp on a 20-ft. pole halfway between the pitching 
lines and midway between the pits of two adjacent courts. 

Large groups of courts may also be satisfactorily lighted with large 
open-type reflectors and 1,000-watt lamps in the same relative position as 
stated in (1). Ten foot-candles are recommended. 

263. Sheet (General Electric Co.).—In skeet, the flight of the clay 
pigeons is intended to duplicate the angles of flight found in actual wing 
shooting. Floodlighting projector beams are crossed to eliminate distort¬ 
ing shadows. 

Type of projector: medium-angle, 40 deg. spread lens. Location: 
about 25 ft. back of shooting line at a height of approximately 10 ft. 
Lamp size: 1,000-watt. 

Above each shooter’s stand, except at station 8, place one 100-watt 
lamp in an R.L. M. Dome to facilitate loading and aiming. 

264. Swimming Pool (General Electric Co.).— For Surface Lighting 
Equipment. —Two open-type floodlighting projectors, or two enclosed 
projectors with heavily stippled clear-glass doors. Location: at each 
corner of the pool on 25- to 40-ft. poles. Lamp size: 1,000- or 1,500-watt. 

Underwater Lighting. —If water is sufficiently clear so that the 
bottom 10 ft. below the surface may be seen in daylight, under¬ 
water lighting will be satisfactory. Two classes of underwater lighting 
are: 

1. Dry Niche. —500-watt projector with 40-deg. spread lenses, spaced 
not more than 12 ft. apart on each side of pool 1 to 1ft. below the water 
level. Man-hole to be provided for servicing. 

2. Wet Niche .—Same as above except that under-water equipment is 
necessary. Units are mounted 1 to 1 ^ ft. below water level. Front of 
niche should be protected by bull mesh. Because of the flexible hose and 
conductor, this type of wet niche unit makes possible cleaning or replace¬ 
ment of lamps without draining pool. 

266. Table Tennis (General Electric Co.).—Lighting requirements are 
simple, but for full enjoyment of the game, 30 or 40 ft.-c. are needed in 
order to follow the small white ball in its speedy back-and-forth motion. 

Type of reflector: special parchment shades with large shielding angle. 
Location: 3 to 7 ft. above table. Lamp size: 150-watt. 

266. Tennis (Outdoor) (General Electric Co.).—For full enjoyment the 
light sources must be well shielded, and illumination of the order of 20 to 
30 ft.-c. should be provided. 

Single Courts. — Type of reflector: wide angle, deep bowl, aluminum 
with skirt. Location: mounted 30 ft. high on brackets from poles. 
Lamp size: 1,500-watt for recreational play; 2,000-watt for championship. 

A string of five 1,500-watt units on messenger cable along the center line 
of each court is reasonably satisfactory for recreational play. 
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Two or More Courts. —Layout and specifications same as for single 
court, but the inner rows require six reflectors without the shielding skirts. 

257. Trapshooting (General Electric Co.).—Floodlighting stations are 
placed on either side of shooting platform. The beams from each station 
are crossed to eliminate shadows. Stray light on platforms is sufficient to 
sight guns and to facilitate changing positions. 

Type of projector: eight medium-beam floodlighting projectors. Loca¬ 
tion: four poles (two projectors per pole) mounted 20 to 25 ft. high behind 
shooting platform. Lamp size: 1,000-watt. 
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1. Standard Sizes of Lamps, in Watts 


Incandescent 

Fluorescent 

Mercury Mazda 


8 


10 

1 14 


15 

15 

250 

25 

i 20 

400 

40 

! 30 

1,000 

50 

I 40 

3,000 

60 

65 

1 

75 

85 

1 

100 

100 

1 


150 

200 

300 
500 
750 
1.000 
1,500 


2. Demand Factors for Household Electric Ranges 


Number of 

ranges 

| Demand factor, per cent | 


| Demand factor, per cent 

Ranges over 
1,650 and 
under 3,500 
watts 

Ranges of 
3,500 watts 
and over 

Number of 

ranges 

Ranges over 
1,650 and 
under 3,500 
watts 

Ranges of 
3,500 watts 
and over 

1 . 

80 

80 

16 

39 

28 

2 

75 

65 

17 

38 

28 

3 

70 

55 

18 

37 

28 

4 

66 

50 

19 

36 

28 

5 

62 

45 

20 

35 

28 

6 

59 

43 

21 

34 

26 

7 

56 

40 

22 

33 

26 

8 

53 

36 

23 

32 

26 

9 

51 

35 

24 

31 

26 

10 

49 

34 

25 

30 

26 

11 

47 

32 

26-30 

30 

24 

12 

45 

32 

31-40 

30 

22 

13 

43 

32 

41-50 

30 

20 

14 

41 

32 

51-60 

30 

18 

15 

40 

1 32 

61 and over 

30 

16 


The values in the table above apply to one or more cooking and baking appliances but 
are not applicable to other appliances. 

The demand factor for one range may also be applied to the conductors of a range 
branch circuit. 
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S. Demand Factors tor Lighting Loads 


Occupancy of area 

Demand factor 

Single-family dwelling 0 

For areas of 2,000 sq. ft. or less: 1.0 

For areas over 2,000 sq. ft.: 

1.0 for load on first 2,000 sq. ft. 

0.3 for load on all area in excess of 2,000 sq. ft. 

Multifamily dwellings (other than 
hotels) and apartment houses hav¬ 
ing provision for individual cooking 
by tenants® 

For areas of 2,000 sq. ft. or less: 1.0 

For areas greater than 2,000 sq. ft.: 

1.0 for load on first 2,000 sq. ft. 

0.35 for load on all area between 2,000 and 
60,000 sq. ft. 

0.25 for load on all area in excess of 60,000 sq. ft. 

Hotels 

For areas of 10,000 sq. ft. or less: 0.5 

For areas greater than 10,000 sq. ft.: 

0.5 for load on first 10,000 sq. ft. 

0.4 for load on all area in excess of 10,000 sq. ft. 
up to 50,000 sq. ft. 

0.3 for load on all area in excess of 50,000 sq. ft. 

Stores and department stores includ¬ 
ing show windows 

1.0 for all areas 

Office buildings 

For areas of 10,000 sq. ft. or less: 1.0 

For areas greater than 10,000 sq. ft.: 

1.0 for load on first 10,000 sq. ft. 

0.70 for load on all area in excess of 10,000 sq. ft. 

Hospitals 

For areas of 25,000 sq. ft. or less: 0.4 

For areas greater than 25,000 sq. ft.: 

0.4 for load on first 25,000 sq. ft. 

0.2 for load on all area in excess of 25,000 sq. ft. 

Schools 

For areas of 5,000 sq. ft. or less: 1 0 

For areas greater than 5,000 sq. ft.: 

1.0 for load on first 5,000 sq. ft. 

0.5 for load on all area in excess of 5,000 sq. ft. 

Storage warehouses 

For areas of 50,000 sq. ft. or less: 1.0 

For areas greater than 50,000 sq. ft.: 

1.0 for load on first 50,000 sq. ft. 

0.5 for load on all area in excess of 50,000 sq. ft. 

All other buildings including factory 
buildings, commercial loft build¬ 
ings, garages, etc. 

1.0 for all areas 


• Any electric-cooking-range load not to be included in applying these demand factors. 
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4. Data for Determining National Electrical Code Minimum Allowable 
Lighting and Appliance Loads 


Type of occupancy 

Min. watts 
per sq. ft. 

Demand factors 

Wattage based on 
area served 

Demand 
factor, 
per cent 

Single-family dwellings 0 

2 plus allowance 

2,500 or less 

100 


for appliances 

Excess over first 2,500 

30 

Multifamily dwellings (other 

2plus allowance 

3,000 or less 

100 

than hotels) and apartment 

for appliances 

Excess of first 3,000 but 


houses with provisions for 


not more than 120,000 

35 

cooking by tenants 0 


Excess over 120,000 

25 

Armories and auditoriums 

1 

For complete wattage 

100 

Banks 

2 



Churches 

1 



Clubs 

2 

. 


Garages, commercial 

0.5 



Hospitals 1 

2 

50,000 or less 

40 



Excess over first 50,000 

20 

Hotels 0 - 1 

2 plus allowance 

20,000 or less 

50 


for appliances 

Excess over first 20,000 



if required 

but not more than 




100,000 

40 



Excess over 100,000 

30 

Industrial commercial loft build¬ 

1 

For complete wattage 

100 

ings 




Office buildings 

2 

20,000 or less 

100 



Excess over first 20,000 

70 

Restaurants 

2 

For complete wattage 

100 

Schools 

3 

15,000 or less 

100 



Excess over first 15,000 

50 

Storage warehouses 

0.25 

12,500 or less 

100 



Excess over first 12,500 

50 

Stores 

3 

For complete wattage 

100 


In any of the above-listed occupancies, except single-family dwellings and individual 
apartments of multifamily dwellings, areas used for the following purposes may have 
their wattage load computed in accordance with the following values: 


Assembly halls and auditoriums 

1 

Demand factor applied to the com- 

Hallways, corridors, and closets 

0.5 

plete area of building as given 

Storage spaces 

0.25 

, above 


® The small-appliance load may be included with the lighting load in applying the 
demand factors specified. If the load in single-family dwellings, individual apartments 
of multifamily dwellings, and in hotel suites having serving pantries is subdivided 
through two or more feeders, the computed load for each shall include not less than 
1,500 watts for small appliances. 

* For subfeeders to areas where entire lighting is likely to be used at one time, as in 
ballrooms, dining rooms, operating rooms, etc., a demand factor of 100 per cent shall 
be used. 
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For general illumination in occupancies not listed above and for special 
lighting and appliance loads in any occupancy, capacity shall be included 
for the specific load to be served, but a load not less than specified below 
shall be included for each outlet: 

Outlets supplying fixed appliances or special appliances... Ampere rating of appliance 

Outlets supplying heavy-duty lamp holders. 5 amp. 

Other outlets except multioutlet assemblies. 1 >2 amp. 

Multioutlet Assemblies. —Where fixed multioutlet assemblies are 
employed, each 5 ft. or fraction thereof of each separate and continuous 
length shall be considered as one outlet of not less than l^-amp. capacity; 
except in locations where a number of appliances are likely to be used 
simultaneously when each foot or fraction thereof shall be considered as an 
outlet of not less than 1 % amp. 

Bus ways so designed that loads can be connected at any point shall be 
limited in length as provided for multioutlet assemblies; except that 
under conditions of operation where the load will not exceed that per¬ 
mitted for a branch circuit the authority enforcing this code may permit 
bus ways of greater length. 

Show-window Lighting. —For show-window illumination a load of not 
less than 200 watts shall be included for each linear foot of show window, 
measured horizontally along its base. 

Allowance for Small Appliances in Dwellings, Apartments, and Hotels. 
For small appliances, an additional load of not less than 1,500 watts shall 
be included for dining room, kitchen, and laundry purposes in single¬ 
family dwellings, for individual apartments of multifamily dwellings 
having provisions for cooking by tenants, and in each hotel suite having a 


5. Average Demand Factors for Motor Loads* 


Number of 
motors 

Character of load 

Demand 

factor 

1 

1- 5 

Individual drives—tools, etc. 

1.00 

6- 10 

Individual drives—tools, etc. 

0 75 

10- 15 

Individual drives—tools, etc. 

0.70 

15- 20 

Individual drives—tools, etc. 

0 65 

20- 30 

Individual drives—tools, etc. 

0 60 

30- 50 

Individual drives—tools, etc. 

0.50 

50- 75 

Individual drives—tools, etc. 

0.45 

75-100 

Individual drives—tools, etc. 

0.40 

Above 100 

Individual drives—tools, etc. 

0.40 

6- 10 

Group drives 

0.85 

Above 10 

Group drives 

0.70-0.45 


Fans, compressors, pumps, etc. 

1.00-0.85 


* Permission for the use of a demand factor should be obtained from the authority 
enforcing the National Electrical Code. 
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serving pantry; except that in single-family dwellings with a floor area of 
less than 1,000 sq. ft. the additional load may be 1,000 watts. 


6. Average Full-load Currents of D-c Motors 


Hp. 

115 volts 

230 volts 

550 volts 

Hp. 

115 volts 

230 volts 

550 volts 

Full-load current, amp. 

Full-load current 

, amp. 

H 

4.5 

2.3 


20 

140 

i 

74 

30 

H 

6.5 

3.3 

1.4 

25 

185 

92 

38 

l 

8.4 

4.2 

1.7 

30 

220 

110 

45 

i M 

12.5 

6.3 

2.6 

40 

284 

146 

61 

2 

16.1 

8.3 

3.4 

50 

364 

180 

75 

3 

23.0 

12.3 

5.0 

60 

436 

215 

90 

5 

40 

19.8 

8.2 

75 

540 

268 

111 

7v.; j 

58 

28.7 

12.0 

100 


357 

146 

10 ! 

75 

38 

16.0 

125 


443 

184 

15 1 

112 

56 

23.0 

150 



220 

1 

1 

i 




200 



295 


7. Average Full-load Currents of Single-phase Motors 



For full-load currents of 208- and 200-volt motors, increase correspond¬ 
ing 220-volt motor full-load current by 6 and 10 per cent, respectively. 

These values of full-load current are for motors running at speeds usual 
for belted motors and motors with normal torque characteristics. Motors 
built for especially low speeds or high torques may require more running 
current, in which case the name-plate current rating should be used. 
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8. Average Full-load Currents of Two-phase Motors 


Full-load currents for squirrel-cage and Full-load currents for synchron- 
wound-rotor induction types ous unity-power-factor type 


np. 

110 

volts 

220 

volts 

440 

volts 

550 

volts 

2,200 

volts 

220 

volts 

440 

volts 

550 

volts 

2,200 

volts 

H 

4.3 

2.2 

1.1 

.9 






H 

4.7 

2.4 

1.2 

1.0 






i 

5.7 

2.9 

1.4 

1.2 






IH 

7.7 

4.0 

2 

1.6 






2 

10.4 

5 

3 

2.0 






3 


8 

4 

3.0 






5 


13 

7 

6 






7 X 


19 

9 

7 






10 


24 

12 

10 






15 


33 

16 

13 






20 


45 

23 

19 






25 


55 

28 

22 

6 

47 

24 

19 

4.7 

30 


67 

34 

27 

7 

56 

29 

23 

5.7 

40 


88 

44 

35 

9 

75 

37 

31 

7.5 

50 

.... 

108 

54 

43 

11 

94 

47 

38 

9.4 

60 


129 

65 

52 

13 

111 

56 

44 

11.3 

75 


156 

[ 78 

62 

16 

140 

70 

57 

14 

100 


212 

106 

85 

22 

182 

93 

74 

18 

125 


268 

134 

108 

27 

228 

114 

93 

23 

150 


311 

155 

124 

31 


137 

110 

28 

200 


415 

208 

l 

166 

43 


182 

145 

37 


Values given are those for each wire of a four-wire system and for the 
outside wires of a three-wire system. The current in the common wire of 
a three-wire system will be 1.41 times the values given. 

These values of full-load current are for motors running at speeds usual 
for belted motors and motors with normal torque characteristics. Motors 
built for especially low speeds or high torques may require more running 
current, in which case the name-plate current rating should be used. 

For 90 and 80 per cent p. f., the above figures should be multiplied by 
1.1 and 1.25, respectively. 
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9. Average Full-load Currents of Three-phase Motors 



For full-load currents of 208- and 200-volt motors, increase the 
corresponding 220-volt-motor, full-load current by 6 and 10 per cent, 
respectively. 

These values of full-load current are for motors running at speeds usual 
for belted motors and motors with normal torque characteristics. Motors 
built for especially low speeds or high torques may require more running 
current, in which case the name-plate current rating should be used. 

For 90 and 80 per cent p. f., the above figures should be multiplied by 
1.1 and 1.25, respectively. 
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10. Minimum Current-carrying Capacity for Conductors Supplying 
Motors Used for Short-time, Intermittent, Periodic, or Varying 

Duty 



5-niin. 

rating 

15-min. 

rating 

30- and 
60-inin. 
rating 

Contin¬ 

uous 

rating 

Classification of service 






Percentage 0 of name-plate current 
rating 


Short-time duty: 

Operating valves, raising or lowering rolls_ 

no 

120 

150 


Intermittent duty: 

Freight and passenger elevators, shop cranes, 
tool heads, pumps, drawbridges, turntables, 
etc. 

85 

85 

90 

140 

Periodic duty: 

Hoists, rolls, ore- and coal-handling machines. 

85 

90 

95 

140 

Varying duty. 

110 1 

120 

150 

200 


a Or lower, at the discretion of the authorities enforcing the regulations. 


11. Carrying Capacities of Wires between Secondary Controller of 
Wound-rotor Induction Motors and Resistors 


Resistor Duty Classification 
(N.E.M.A. Apparatus Division) 

Light starting duty. 

Heavy starting duty. 

Extra-heavy starting duty... 

Light intermittent duty. 

Medium intermittent duty... 

Heavy intermittent duty. 

Continuous duty. 


Carrying Capacity of Wire, 
Per Cent of Full-load 
Secondary Current 
35 
45 
55 
65 
75 
85 

no 
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12. The National Electrical Manufacturers’ Association has adopted a 
standard of identifying code letters that may be marked by the manufac¬ 
turer on motor name plates to show the motor kilovolt-ampere input with 
locket rotor. The meaning of the code letters is as follows: 


Kva. per Hp. 


Code with Locked 

Letter Rotor 

A . 0 - 3.14 

B . 3.15-3.54 

C . 3.55-3.99 

D . 4.0 - 4.49 

E . 4.5-4.99 

F . 5.0-5.59 

0 . 5.6 - 6.29 

H . 6.3 - 7.09 


Kva. per Hp. 


Code with Locked 

Letter Rotor 

J . 7.1-7.99 

K . 8.0 - 8.99 

L . 9.0 - 9.99 

M .10.0 -11.19 

N . 11.2 -12.49 

P . 12.5 -13.99 

R . 14.0 and up 


13. Maximum Rating or Setting of Motor-branch-circuit Protective 
Devices for Motors Marked with a Code Letter Indicating 
Locked-rotor Kilovolt-amperes 

(Average Starting Currents) 



Fuse 

rating 

Circuit-breaker setting 

Type of motor 

Instantane¬ 
ous type 

Time-limit 

type 


Per cent of full-load current 


All a-c, single-phase and polyphase, squirrel- 




cage, and synchronous motors with full-volt- 




age, resistor or reactor starting: 


1 


Code letter A . 

150 

O 

150 

Code letter B to E . 

250 

£ 

200 

Code letter F to R . 

300 

1 

250 

All a-c, squirrel-cage, and synchronous motors 


© 


with autotransformer starting: 


os 


Code letter A . 

150 

'o 

£ 

150 

Code letter B to E . 

200 


200 

Code letter F to R . 

250 


200 


For certain exceptions to the values specified see Sec. 439, Div. 5. The 
values given in the last column also cover the ratings of nonadjustable, 
time-limit types of circuit breaker. 

Synchronous motors of the low-torque, low-speed type (usually 450 
r.p.m. or lower), such as are used to drive reciprocating compressors, 
pumps, etc., which start up unloaded, do not require a fuse rating or 
circuit-breaker setting in excess of 200 per cent of full-load current. 

For motors not marked with a Code letter, see Table 14. 

























1536 


AMERICAN ELECTRICIANS' HANDBOOK [Div. 10 


14. Maximum Allowable Ratings of Fuses and Settings of Circuit 
Breakers for the Protection of Branch Motor Circuits for Motors Not 
Marked with a Code Letter Indicating Locked-rotor Kilovolt-amperes 0 

(Values are for continuous-duty motors wired with conductors having a 


carrying capacity of 125 per cent of the motor full-load current) 


Type of motor 

Fuses 

Instan¬ 

taneous- 

type 

circuit 

breaker 

Time- 

limit- 

type 

circuit 

breaker 

Maximum allowable rating 
or setting of overload pro¬ 
tective device m percentage 
of motor full-load current 

Single-phase (all other types) 

Polyphase, squirrel-cage 

Normal-starting-current type when started with full 

300 


250 

voltage or reduced voltage by resistor or reactor 
Normal-startmg-current type when started with re¬ 
duced voltage by autotransformer (full-load current 

300 


250 

not more than 30 amp ) 

Normal-startmg-current type, when started with re¬ 
duced voltage by autotransformer (full-load cuirent 

250 


200 

more than 30 amp ) 

Low-starting-current types (full-load cunent not more 

200 


200 

than 30 amp ) 

Low-starting-current types (full-load current more 

250 


250 

than 30 amp ) 

High-resistance type (full-load current not more than 

200 


200 

30 amp ) 

High-resistance type (full-load current more than 

250 


250 

30 amp ) 

200 


200 

Automatic-start type 

Polyphase, commutator type, brush-shifting (full load 

150 


150 

current not more than 30 amp ) 

Polyphase, commutator type, brush-shifting (full-load 

250 


250 

current more than 30 amp ) 

Polyphase, polyspeed type of motor 

Heavy-starting duty (full-load current not more than 

200 


200 

30 amp ) 

Heavy-starting duty (full-load current more than 

300 


250 

30 amp ) 

Moderate-starting duty (full-load current not more 

250 


200 

than 30 amp ) 

Moderate-starting duty (full-load current more than 

250 


250 

30 amp ) 

200 


200 

Light-starting duty 

150 


150 

Polyphase, wound rotor 

Polyphase, synchronous—general purpose 

High-speed type and low-speed, rugh-toraue type when 
started with full voltage or reduced voltage by 

150 


150 

resistor or reactor 

High-speed type and low-speed, high-torque type when 
started with reduced voltage by autotransformer 
(full-load current not more than 30 amp ) 
High-speed type and low-speed, high-torque type when 
started with reduced voltage by autotransformer 

300 


250 

250 


200 

(full-load current more than 30 amp ) 

Low-speed, low-torque type (full-load current not more 

200 


200 

than 30 amp ) 

Low-speed, low-torque type (full-load current more 

250 


250 

than 30 amp ) 

200 


200 

Fynn-Weichsel 

Supersynchronous, when started with lull voltage or 

150 


150 

reduced voltage by reBistor or reactor 

300 


250 

Supersynchronous, when started with reduced voltage 
by autotransformer 

200 


200 

Direct current, not more than 50 hp (all types) 

150 

250 

150 

Direct current, more than 50 hp (all types) 

150 

175 

1 150 


• For certain exceptions to the values specified see Sec. 489 , Div. 5. The values piven 
in the last column also cover the ratings of nonadjustable, time-hmit types of circuit 
breakers. 
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15. Curve for Determining Current Capacities at 60 Cycles of Bare 
Concentric Strand Copper Conductors for 30°C. Rise over 40°C. Ambient 

For outdoor service, 25 per cent increase in capacities is permissible. 



16. Curve for Determining Current-carrying Capacity for Weatherproof 
Covered Concentric Stranded Copper Conductors Installed 
Outside of Buildings 










30 1 - 1_I _ 1 1—1 1—1—1 1 1 1, l 1 J_I 

K) 15 20 25 30 35 40 50 60 70 8090100 120 

Temperature rise, deq C aboveZ5"C still air 

18. Current-carrying Capacity of Parkway Cables Buried Directly in 

Ground* 


Conductor 

Max. allowable current 
per conductor 

Conductor 

Max. allowable current 
per conductor 

A.w.g. or cir. 
mils 

Single¬ 

conductor 

Three- 

conductor 

A.w.g. or cir. 
mils 

Single- 

conductor 

Three- 

conductor 

cable, amp. 

cable, amp. 

cable, amp. 

cable, amp. 

8 

85 

60 

3/0 

335 

225 

6 

115 

80 

4/0 

385 

255 

4 

150 

100 

250,000 

445 

285 

2 

195 

130 

300,000 

470 

315 

1 

220 

150 

350,000 

515 

345 

1/0 

255 

170 

400,000 

555 

375 

2/0 

295 

195 

500,000 

635 

425 


• Table based on earth tempei ature of 20°C. (68°F.). Rubber-insulated conductors in 
accordance with I.P.C.E.A. specification. Average soil condition, sandy loam, 10 per 
cent moisture. Average depth of burial 18 in. Other cables sufficiently far away to 
prevent mutual heating. Rated voltages up to 5 kv., grounded neutral. 
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10. National Electrical Code Allowable Current-carrying Capacities 
for Conductors for Open Wiring or Insulators and for Concealed 
Knob and Tube Wiring 
Single Conductor in Free Air 1 

[Based on Room Temperature of 30°C. (86°F.); All Current-carrying 
Capacities Given in Amperes] 


Size, 
A.w.g. 
or cir. 
mils 

Rubber, 

T r 

Rubber, 

t r v F 

i 

Rubber, 

T R y F 

Syn¬ 

thetic, 

Type 

SNA; 

As¬ 

bestos 

Vai- 

Cam, 

IVb; 

Var- 
Cam, 
Type V 

As¬ 

bestos 

Var- 

Cam, 

\ 

Impreg¬ 

nated 

as¬ 

bestos, 

T ir 

As¬ 
bestos, 
Type A 

Slow- 

burning, 

3BT 

Weath¬ 
er-proof, 
Type W; 

Paper 

14 

20 

24 

29 

30 

39 

40 

43 

23 

12 

26 

31 

37 

40 

51 

52 

57 

30 

10 

35 

42 

50 

54 

65 

69 

75 

40 

8 

48 

58 

69 

71 

85 

91 

100 

53 

6 

65 

78 

94 

99 

119 

126 

134 

70 

5 

76 

92 

110 

115 

136 

145 

158 

80 

4 

87 

105 

125 

133 

158 

169 

180 

90 

3 

101 

122 

146 

155 

182 

194 

211 

100 

2 

118 

142 

170 

179 

211 

226 

241 

125 

1 

136 

164 

196 

211 

247 

264 

280 

150 

1/0 

160 

193 

230 

245 

287 

306 

325 

200 

2/0 

185 

223 

267 

284 

331 

354 

372 

225 

3/0 

215 

259 

310 

330 

384 

410 

429 

275 ' 

4/0 

248 

298 

358 

383 

446 

476 

510 

325 

250,000 

280 

338 

403 

427 

495 

528 

562 

350 

300,000 

310 

373 

446 

480 

555 

592 

632 

400 

350,000 

350 

421 

504 

529 

612 

653 

698 

450 

400,000 

380 

457 

547 

575 

665 

710 

755 

500 

500,000 

430 

517 

620 

660 

765 

814 

870 

600 

600,000 

480 

577 

691 

738 

857 

912 

970 

680 

700.000 

525 

632 

756 

813 

942 

1,003 

1,065 

760 

750,000 

545 

655 

785 

846 

981 

1,044 

1,118 

800 

800,000 

565 

680 

813 

879 

1,020 

1 ,085 

1,150 

840 

900,000 

605 

728 

872 

941 




920 

1,000,000 

650 

782 

936 

1,001 

1,163 

1,238 

1,332 

1,000 

1,250,000 

740 

890 

1,066 

1,131 





1,500,000 

815 

980 

1.174 

I ,261 

1,452 



1,360 

1,750,000 

890 

1,070 

1,282 

1,370 





2.000.000 

960 

1,155 

1,383 

1,472 

1 ,713 



1,670 


Correction Factor for Room Temperatures over 30°C. 


C. 

F. 








40 

104 

0.71 

0.82 

0.88 

0.90 

0.94 

0.95 


45 

113 

0.50 

0.71 

0.82 





50 

122 

0.00 

0.58 

0.75 

0.80 

0.87 

0.89 


55 

131 


0.41 

0.67 





60 

140 


0.00 

0.58 

0.67 

0.79 

0.83 

0.97 

70 

158 



0.35 

0.52 

0.71 

0.76 

0.93 

75 

167 



0.00 




. 

80 

176 




0.30 

0.61 

0.69 

0.89 

90 

194 





0.50 

0.61 

0.86 

100 

212 






0.51 

0.82 

120 

248 







0.72 

140 

284 





.... 

.... 

0.63 


° Aluminum Conductors. —For aluminum conductors, the allowable current-carrying 
capacity shall be taken as 84 per cent of those given in the table for the respective sises 
of copper conductor with the same kind of insulation. 
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20. National Electrical Code allowable current-carrying capacities of 
conductors for all interior wiring except open wiring on insulators and 
concealed knob-and-tube wiring. 

1. Aluminum Conductors. —For aluminum conductors, the allowable 
current-carrying capacity shall be taken as 84 per cent of those given in 
the table for the respective sizes of copper conductor with the same kind 
of insulation. 

2. Bare Conductors. —If bare conductors are used in raceways with 
insulated conductors, their allowable current-carrying capacity shall be 
limited to that permitted for the insulated conductor with which they 
are used. 

3. More Than Three Conductors in a Raceway. —Table 20 gives the 
allowable current-carrying capacity for not more than three conductors 
in a raceway or cable. If the number of conductors in a raceway or 
cable is from four to six, the allowable current-carrying capacity of each 
conductor shall be reduced to 80 per cent of the values in Table 20. If the 
number of conductors in a raceway or cable is from seven to nine, the 
allowable current-carrying capacity of each conductor shall be reduced 
to 70 per cent of the values in Table 20. 

4. Neutral Conductor. —A neutral conductor which carries only the 
unbalanced current from other conductors, as in the case of normally 
balanced circuits of three or more conductors, shall not be counted in 
determining the current-carrying capacities of Table 20. 

In a three-wire circuit from a four-wire, three-phase system, a common 
conductor carries approximately the same current as the other conductors 
and is not therefore considered as a neutral conductor. 

5. Nos. 18 and 16. —The allowable current-carrying capacity of No. 18 
is 5 amp., except in heater cords of Types AFS, AFSJ, HC, HPD, and 
HSJ, where it is 10 amp. The allowable current-carrying capacity of 
No. 16 is 7 amp., except in heater cords of Types AFS, AFSJ, HC, HPD, 
and HSJ, where it is 15 amp. 
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Not More Than Three Conductors in Raceway or Cable 

(Based on Room Temperature of 30°C (86°F ), All Current-carrying 
Capacities Given in Amperes, the neutral conductor m an approxi¬ 
mately balanced three-phase four-wire system is not counted 
as a current-carrying wire) 


Size 

A w g 
or cir mils 

Type R 
(1937 
Code)® 

Rub¬ 
ber b 

iw 

Type R 

Synthetic 
Type SN 
Latex 
Type RU 
Rubber 
Type 
RPT 
Type RP 

Rub¬ 

ber 

T rT 

Paper 

Synthetic 

Type 

SNA 

Asbestos 

Var-Cam 

Var-Cam 
Tj pe V 

Asbes¬ 

tos 

Var- 

Cam 

IVa 

lw 

Im¬ 

preg¬ 

nated 

asbes¬ 

tos 

Asbes¬ 

tos, 

Type A 

14 


15 

18 

22 

23 

28 

29 

32 

12 


20 

23 

27 

29 

36 

38 

42 

10 


25 

31 

37 

38 

47 

49 

54 

8 


35 

41 

49 

50 

60 

63 

71 

6 

50 

45 

54 

65 

68 

80 

85 

95 

5 

55 1 

52 

63 

75 1 

78 

94 

99 

110 

4 

70 

60 

72 

86 

88 

107 

114 

122 

3 

80 

69 

83 

99 

104 

121 

131 

145 

2 

90 

80 

96 

115 

118 

137 

147 

163 

1 

100 

91 

110 

131 

138 

161 

172 

188 

1/0 

125 

105 

127 

151 

157 

190 

202 

223 

2/0 

150 

120 

145 

173 

184 

217 

230 

249 

3/0 

175 

138 

166 

199 

209 

243 

265 

284 

4/0 

225 

160 

193 

230 

237 

275 

308 

340 

250 000 

250 

177 

213 

255 

272 

315 

334 

372 

300 000 

275 

198 

238 

285 

299 

347 

380 

415 

350 000 

300 

216 

260 

311 

325 

392 

419 

462 

400 000 

325 

2*3 

281 

336 

361 

418 

450 

488 

500 000 

400 

265 

319 

382 

404 

468 ' 

498 

554 

600 000 

4>0 

293 

35 3 

422 

453 

525 ! 

543 

612 

700 000 

500 

320 

385 

461 

488 

562 

598 

668 

750 000 

525 

330 

398 

475 

502 

582 

621 

690 

800 000 

550 

340 

410 

490 

514 

600 

641 

720 

900 000 

600 

360 

434 

519 

556 




1 000 000 

650 

377 

455 

543 

583 

681 

730 

811 

1 250 000 

750 

409 

49 3 

589 

643 




1 500 000 

850 

434 

522 

625 

698 

784 



1 750 000 

1 050 

451 

544 

650 

733 




2 000 000 


463 

558 

666 

774 

839 




Correction Factor for Room Temperatures over 30°C 


C 

1 









40 

104 


0 71 

0 82 

0 88 

0 90 

0 94 

0 95 


45 

113 


0 50 

0 71 

0 82 





50 

122 


0 00 

0 58 

0 75 

0 80 

0 87 

0 89 


65 

131 



0 41 

0 67 





60 

140 



0 00 

0 58 

0 67 

0 79 

0 83 

0 97 

70 

158 




0 35 

0 52 

0 71 

0 76 

0 93 

75 

167 




0 00 





80 

176 





0 30 

0 61 

0 69 

0 89 

90 

194 






0 50 

0 61 

0 86 

100 

212 







0 51 

0 82 

120 

248 








0 72 

140 

284 








0 63 


« Applies for Type R wires when they are not carrying full load continuously, super¬ 
seding the values in other column for the duration of the war 
h Applies for Type R wire only when carrying full load continuously 
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21. Number of Conductors in Conduit or Tubing; One to Nine Conduc¬ 
tors, Rubber-covered, Types R, RW, RP, RH, and RHT, 600 Volts 
(New installations) 

(National Electrical Code) 


Number of conductors in one conduit or tubing 


Size of 
conductor, 
A.w.g. or 
cir. mils 0 

1 

2 

3 

4 

1 5 

6 ! 

7 

8 

9 



Size of conduit or 

tubing, in. 



18 

H 

4 

X 

X 

4 

X 

4 

4 

4 

16 

4 

X 

X 

X 

X 

4 

4 

4 

4 

14 

4 

X 

x 

h 

X 

X 

4 

1 

1 

12 

4 

X 

X 

X 

X 

1 

1 

1 

14 

10 

4 

4 

X 

4 

1 

1 

14 

14 

14 

8 

4 

X 

1* 

l 

14 

14 

14 

14 

14 

6 

X 

i 

1 J 4 6 

14 

14 

14 

2 

2 

2 

5 

4 

1 L 4 

14 

14 

14 

2 

2 

2 

2 

4 

4 


j v 

i i i 

2 

2 

2 

*> 

24 

3 

4 

nl 

ix 

IX 

2 

2 

2 

24 

24 

2 

X 

14 

lX h 

ix 

2 

2 

24 

24 

24 

1 

4 

nl 

IX 

2 

2 

2 4 

24 

3 

3 

0 

1 

iX 

2 

•) 

24 

2« 

3 

3 

3 

2/0 

l 

2 

2 

24 

I 2} 2 

3 

3 

3 

34 

3/0 

l 

2 

0 

2 1 2 

3 

3 

3 

34 

34 

4/0 

1>4 

2 

2X 

2*2 

1 3 

3 ! 

3 H 

34 

4 

250,000 

14 

2*2 

2X 

3 

1 3 

34 




300,000 

14 

24 

3 

3 

34 

3} 2 




350,000 

1 H 

2X 

» 

34 

34 

4 




400,000 

m 

2 

3 

34 

4 

4 




450,000 

*4 

3 

3 

34 

4 

44 




500,000 

l 4 

3 

3 

34 

4 

44 




550,000 

l 4 

3 

34 

4 

44 

5 




600,000 

2 

3 

3X 

4 

44 

5 




650,000 

2 

3X 

34 

4 






700,000 

2 

3X 

3X 

44 






750,000 

2 

34 

3X 

44 






800,000 

2 

34 

4 

44 






850,000 

2 

34 

4 

44 






000,000 

2 

34 

4 

44 






050,000 

2 

4 

4 

5 






1,000,000 

2 

4 

4 

5 






1,250,000 

24 

4 X 

44 

6 






1,500,000 

24 

44 

5 

ft 






1,750,000 

3 

5 

5 

6 






2,000,000 

3 

5 

6 








• When installed in new conduits. For rewiring hi old conduits sec Table 28. For 
more than nine conductors, see/rable 23. 

h Where a run of conduit or electrical metallic tubing does not exceed 60 ft. in length 
and does not contain more than the equivalent of two quarter-bends from end to end, 
three No. 6 stranded conductors may be installed in a 1-in. conduit. For services only, 
three No. 8 insulated conductors may be installed in a 4-in. conduit or tubing; two No. 6 
insulated and one No. 6 bare conductors or two No. 4 insulated and one No. 4 bare con¬ 
ductors may be installed in 1-in. conduit or tubing; and two No. 2 insulated and one 
No. 2 bare conductors in I4*in. conduit or tubing. 
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22. Number of Conductors in Conduit or Tubing; Lead-covered Types 
R, RP, and RH, 600 Volts 

(National Electrical Code) 


Size of 
conductor, 
A.w.g. or 
cir, mils 

Number of conductors in one conduit or tubing 

Single-conductor 

cable 

2-conductor 

cable 

3-conductor 

cable 

1 

2 

3 

4 

1 

2 

3 

4 I 

1 

1 

2 

3 

4 

Size of conduit or tubing, in. 

14 

K 

X 

X 

1 

K 

1 

l 

IK 

X 

IK 

IK 

IK 

12 

>2 

X 

X 

1 

? 4 

1 

IK 

IK 

l 

IK 

IK 

2 

10 

K 

X 

1 

1 

X 

IK 

IK 

IK 

l 

IK 

2 

2 

8 

K 

i 

ix 

IK 

1 

IK 

IK * 

2 

l 

2 

2 

2K 

6 

H 

IK 

IK 

IK 

ix 

IK 

2 

2K 

IK 

2K 

3 

3 

4 

x 

IX 

IK 

IK 

ix 

2 

2K 

2K 

IK 

3 

3 

3K 

3 

X 

IX 

IK 

2 

IX 

2 

2H 

3 

l H 

3 

3 

3K 

2 

l 

IX 

IK 

2 

IK 

2 

2K 

3 

IK 

3 

3K 

4 

1 

l 

IK 

2 

2 

IK 

2K 

3 

3K 

2 

3K 

4 

4K 

0 

l 

2 

2 

2K 

2 

2K 

3 

3K 

2 

4 

4K 

5 

2/0 

l 

2 

2 


2 

3 

3K 

4 

2K 

4 

4K 

5 

3/0 

ik 

2 

2K 

2K 

2 

3 

3K 

4 

2K 

4K 

4K 

6 

4/0 

ik 

2M 

2.K 

3 

2>a 

3 

3K 

4K 

3 

5 

6 

6 

250,000 

ix 

2K 

3 

3 





3 

6 

6 


300,000 

i K 

3 

3 

3K 





3K 

6 

6 


350,000 

l K 

3 

3 

3K 





3K 

6 

6 


400,000 

IK 

3 

3 

3K 





3K 

6 

6 


450,000 

i K 

3 

3 

4 





4 

6 

6 


500,000 

1W 

3 

3K 

4 





4 

6 



600,000 

2 

CO 

4 

4K 









700,000 

2 

4 

4 

5 









750,000 

2 

4 

4 

5 









800,000 

o 

4 

4K 

5 









000,000 

2K 

4 

4K 

n 









1,000,000 

2H 

4K 

4K 

6 









1,250,000 

3 

5 

5 

6 









1.500.000 

3 

5 

6 

6 









1,750,000 

3 

6 

6 










2,000,000 

3K 

6 

6 











The above sizes apply to straight runs or with nominal offsets equivalent to not more 
than two quarter-bends. 

It is recommended that bends have a minimum radius of curvature at the inner edge of 
the bend of not less than ten times the internal diameter of the conduit or tubing. 
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23. Number of Conductors in Conduit or Tubing; (More than Nine Con¬ 
ductors, Rubber-covered, Types R, RW, RP, and RH, 600 Volts, 
When Specifically Permitted by This Code)® 

(National Electrical Code) 


Size of 

Size of tubing 








conductor, 
A.w.g. or 
cir. mils 

H m. 

1 m. 

1^4 m. 

U 2 in. 

2 m. 

2h m. 

3 in. 

Max. number of conductors in conduit or tubing 

18 

1 

13 

22 

38 

53 

87 

124 

191 

16 

11 

19 

33 

45 

74 

106 

163 

14 


11 

19 

26 

43 

61 

95 

12 



15 

21 

34 

50 

77 

10 



12 

16 

27 

38 

60 

8 




13 

22 

31 

49 

6 






14 

22 


a More than nine conductors are permitted in a single conduit foi conductors between 
a motor and its controller, stage pocket and border circuits, sign flashert,, elevator con¬ 
trol conductors, and signal and control circuits. 


24. Combination of Conductors in Conduit or Tubing 

(National Electrical Code) 

For groups or combinations of conductors not included in the Tables 21 
to 22, it is recommended that the conduit or tubing be of such size that 
the sum of the cross-sectional areas of the individual conductors will not 
be more than the percentage of the interior cross-sectional area of the 
conduit or tubing as shown in the following table: 


Percentages of Area of Conduit or Tubing to Be Occupied by Conductors 


Type of conductors 

Number of conductors 

1 

2 

3 

4 j 

Over 4 


Per cent 


Conductors (not lead covered) 

53 

31 

43 

40 

40 

Lead-covered conductors . 

55 

30 

40 

38 

35 

For rewiring of existing raceways with thinner 






insulated conductors. 

60 

40 

50 

50 

50 


See Tables 25 to 30 for dimensions of conductors, conduit, and tubing. 






Div. 10] 


WIRING TABLES 


1545 


25. Dimensions of Rubber-covered Conductors, 600 Volts or Less 

(Types R, RP, RH r and RW) 


Size, A.w.g. 
or cir. mils 

Approx, 
diam., in. 

Approx, 
area, sq. in. 

Size, cir. mils 

Approx, 
diam., in. 

Approx, 
area, sq. in. 

18 

0.14 

0.0154 

400,000 

1.03 

0.83 

16 

0.15 

0.018 

450,000 

1.08 

0.91 

14 

0.20 

0.031 

500,000 

1.12 

0.99 

12 

0.22 

0.038 

550,000 

1.17 

1.08 

10 

0.24 

0.045 

600,000 

1.22 

1.16 




650,000 

1.25 

1.23 

8 

0.30 

0.071 




6 

0.41 

0.13 

700,000 

1.29 

1.30 

4 

0.45 

0.16 

750,000 

1.33 

1.38 

2 

0.52 

0.21 

800,000 

1.36 

1.45 

1 

0.59 

0.27 

850,000 

1.39 

1.52 




900,000 

1.43 

1.60 

1/0 

0.63 

0.31 




2/0 

0.67 

0.35 

950,000 

1.46 

1.68 

3/0 

0.72 

0.41 

1,000,000 

1.49 

1.75 

4/0 

0.78 

0.48 

1,250,000 

1.68 

2.22 




1,500,000 

1.79 

2.52 

260,000 

0.86 

0.58 

1,750,000 

1.90 

2.85 

300.000 

0.92 

0.67 

2,000,000 

2.00 

3.14 

350.000 

0.98 

0.75 





Nos. 18 to 8, solid conductor; No. 6 and larger, stranded. 


For the dimensions of small-diameter wires, see Table 30. For all other 
types and insulation of wires, see Div. 2. For the dimensions of lead- 
covered wires, see Table 26. 


26. Dimensions of Conduit or Tubing 


Size 

Internal 
diam. in. 

Internal 
area, sq. in. 

Size 

Internal 
diam. in. 

Internal 
area sq. in. 

X 

0.622 

0.30 

3 

3.068 

7.38 

X 

0.824 

0.53 

3K 

3.548 

9.90 

1 

1.049 

0.86 

4 

4.026 

12.72 

IX 

1.380 

1.50 


4.506 

15.95 

i X 

1.610 

2.04 

5 

5.047 

20.00 

2 

2.067 

3.36 

6 

6.065 

28.89 

2 X 

2.469 

4.79 
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37. Dimensions of Lead-covered Conductors, 600 Volts or Less 

(Types RL, RPL, and RHL) 


Size of 
conductor, 

Single conduct oi 

2-conductor 

3-conductor 

A.w.g. or 
cir. mils 

l)iam. 

i 

Area 

Diain. 

Area 

Diarn. 

Area 

14 

0.28 

i 

0.062 

0.28 X 0.47 

0.115 

0.59 

0.273 

12 

0.29 

0.066 

0.31 X 0.54 

0.146 

0.62 

0.301 

10 

0.35 

0.096 

0.35 X 0.59 

0.180 

0.68 

0.363 

8 

0.41 

0.132 

0.41 X 0.71 

0.255 

0.82 

0.528 

6 

0.49 

0.188 

0.49 X 0.86 

0.369 

0.97 

0.738 

4 

0.55 

0.237 

0.54 X 0.96 

0.457 

1.08 

0.916 

2 

0.60 

0.283 

0.61 X 1.08 

0.578 

1.21 

1.146 

1 

0.67 

0.352 

0.70 X 1.23 

0.756 

1.38 

1.49 

0 

0.71 

0.396 

0.74 X 1.32 

0.859 

1.47 

1.70 

1/0 

0.76 

0.454 

0.79 X 1.41 

0.980 

1.57 

1.94 

3/0 

0.81 

0.315 

0.84 X 1.52 

1.123 

1.69 

2.24 

4/0 

0.87 

0.593 

0.90 X 1.64 

1.302 

1.85 

2.68 

250,000 

0.98 

0.754 



2.02 

3.20 

300,000 

350,000 

1.04 

1.10 

0.85 

0.95 


i 

2.15 

2.26 

3.62 

4.02 

400,000 

500,000 

1.14 

1.23 

1.02 

1 . 18 



1 2.40 

' 2.59 

4.52 

5.28 


Noth. —Nos. 14 to 8, solid conductors; No. 6 and larger, stranded conductors. 


28. Number of Small-diameter Wires Allowed by National Electrical 
Code in Conduit or Tubing, for Rewiring Only 

(Types RHT, RPT, and RU) 


Size of 
conduit, 
in. 




Type and size of wire 




j 

RHT 


RPT 


RU 

14 

12 

10 

8 

14 

12 

10 

! 

14 

| 12 

10 




Max. number of wires allowed 



H 

: 

7 

5 

4 I 

2 

7 

5 

4 

9 

8 

6 

H 

9 

9 

8 

4 

9 

9 

8 

9 

9 

9 

1 

9 

9 

9 

8 

9 

9 

9 




IK 

9 

9 

9 

9 
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20. Number of Small-diameter Wires Allowed by National Electrical 
Code in Conduit or Tubing, for Rewiring Only 

(Type SN) 


Size of 
conduit, in. 

Size of wire 

14 

12 

j 

10 

! 

8 

1 

i 

6 

4 

3 

2 

1 

0 

2/0 

3/0 

4/0 

i 

Max. number of wiies allowed 


9 

8 

6 

3 

1 

i ! 

1 

1 


! 


I 

i 

K 

9 

9 

9 ; 

6 

3 

2 ! 

1 

1 

1 

i j 

1 

1 


1 

9 

9 

9 

9 

5 

4 

3 

3 

1 

i 

1 

1 

1 

m 

9 

9 

9 

9 

9 

7 ! 

6 

5 

3 

3 

2 

1 

1 


9 

9 

9 

9 

9 

9 j 

8 

7 

5 

4 

3 

3 

2 

2 

9 

9 

9 

9 

9 

9 

9 

9 

8 

7 

6 

5 

4 

2 h 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

7 

6 

3 

9 

9 

9 

9 

9 

9 

9 

9 | 

1 

9 

9 

9 

9 

9 


30. Dimensions of Small-diameter Wires (Thin-wall Insulation) 


Size 

A.w.g. 

SN 

RHT 

I 

R1*T 

1 . J 

RU 

Diam. 

j 

Area 

Diam. 

; 

Aiea 

Diam. 

Area 

Diam. 

Area 

14 

0.13 

0.0133 

: 

0.162 

0.0206 

0.162 

0.0206 

0.130 

0.0133 

12 

0.147 

0.0170 

0.179 

0.0252 

0.179 

0.0252 

0.147 

0.0170 

10 

0.168 

0.0220 

0.200 

0.0314 

0.200 

0.0314 

0.168 

0.0220 

8 

0.227 

0.0405 

0.261 

0.0535 





0 

0.314 

0.0775 





i 



0.363 

0.1035 







2 

0.423 

0.1405 







1 

0.496 

0.1935 







0 

0.537 

0.226 







2/0 

0.583 

0.267 







3/0 

0.634 

0.316 







4/0 

0.692 

0.376 
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31. Number of Conductors in Conduit or Tubing Allowed by the National 

Electrical Code 

(Three-conductor Convertible System Rubber-covered Types R, RW, 
RP, and RH-600 Volts) 

Size Conduit 

Size of Conductor or Tubing, In. 


Two No. 

14 and one No. 

10 

. K 

Two No. 

12 and one No. 

8 

H 

Two No. 

10 and one No. 

6 

l 

Two No. 

8 and one No. 

4 

l 

Two No. 

6 and one No. 

2 

. IK 

Two No. 

5 and one No. 

1 

IX 

Two No. 

4 and one No. 

1/0 

IX 

Two No. 

3 and one No. 

2/0 

IX 

Two No. 

2 and one No. 

3/0 

ix 

Two No. 

1 and one No. 

4/0 

2 

Two No. 

1/0 and one No. 

250,000 

2 

Two No. 

2/0 and one No. 

350,000 

2X 

Two No. 

3/0 and one No 

400,000 

2X 

Two No 

4/0 and one No. 

550,000 

3 

Two No. 

250,000 and one No. 

600,000 

3 

Two No. 300,000 and one No. 

800,000 

3 

Two No. 400,000 and one No. 1 

,000,000 

3X 

Two No 

500,000 and one No. 1 

,250,000 

4 

Two No. 600,000 and one No. 1 

,500,000 

4 

Two No. 700,000 and one No. 1 

,750,000 

4 h 

Two No. 800,000 and one No. 2,000,000 

4 h 



(All Dimensions Are in Inches) 
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38. Ordinary Ratings of Overload Protective Devices in Amperes 


Plug 

fuses 

Car¬ 

tridge 

fuses 

Large-sized magnetic 
breakers 

Small mag¬ 
netic 
breakers 
made by 
Heinemann 
Elec. Co. 

Ther¬ 

mal 

break¬ 

ers 

Time-lag fuses 

Overload 
relays and 
releases for 

Eating 

Range of 
setting 

Screw - 
base 
type 

Car¬ 

tridge 

type 

use with 
manual or 
magnetic 
switches 


1 

3 

3-6 

Any ampere 





3 

3 

6 

6- 

12 

or frae- 

10 

1.0 

1 . 

x i 

6 

6 

10 

10- 

20 

tional-am- 

15 

1.25 

1.25 

\ 

10 

10 

15 

15- 

30 

pere rat- 

20 

1.6 

1.6 

1 

15 

15 

20 

20- 

40 

ing from 

25 

2.0 

2.0 

I'i 

20 

20 

25 

25- 

50 

50 ma. to 

35 

2.5 

2.5 

2 






35 amp. 





25 

25 

35 

35- 

70 


50 

3.2 

3.2 


30 

30 

50 

50- 

100 


70 

4.0 

4.0 

3 


35 

70 

70- 

140 


90 

5.0 

5.0 

3', 


40 

90 

90- 

180 


100 

6.25 

6.25 

4 


45 

100 

100- 

200 


125 

8.0 

8 

4>u 


50 

125 

125- 

250 


150 

10.0 

10 

5 


60 

150 

150- 

300 


175 

12.0 

12 



70 

175 

175- 

350 


200 

14.0 

15 

7 


80 

200 

200- 

400 


225 

15.0 

20 

8 


90 

225 

225- 

450 


250 

20.0 

25 

9 


100 

250 

250- 

500 


275 

25.0 

30 

10 


110 

275 

275- 

550 


300 

30.0 

35 

12 


125 

300 

300- 

000 


325 


40 

14 


150 

325 

325- 

650 


350 


45 

16 


175 

350 

350- 

700 


400 1 

1 ’ * ' . ’ 

50 

18 


200 

400 

400- 

800 


450 

’ ‘ ! 

, 60 

20 


225 

500 

500- 

1,000 


500 

. ... 

70 

22 


250 

600 

600- 

1,200 


550 

.. .. 

80 

24 


300 

800 

800- 

1 ,600 


600 

1 

90 

28 


350 

1,000 

1,000- 

2,000 




100 

32 


400 

1,200 

1,200- 2,400 




110 

36 


450 

1,600 

1,600- 3,200 


... | 


125 

40 


500 

2,000 

2,000- 4,000 




150 

45 


600 

2,500 

2,500- 

5,000 




175 

50 


... 

3,000 

3,000- 6,000 




200 

55 



4,000 

4,000- 8,000 




225 

60 



5,000 

5,000-10,000 




250 

65 



6,000 

6,000-12,000 




300 

70 



8,000 

8,000-16,000 




350 

75 



10,000 

10,000-20,000 




400 

80 





. 




450 









500 









600 
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84. Standard General-purpose-switch Sizes 

(All Sizes in Amperes) 
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36. Motor-wiring Table—Size of Branch-circuit Protective Devices and 
Size of Fuse Clips for Fused Motor Circuit or Disconnecting Switches 

Instructions for Use of Table 36A 

1 . For motors marked with Code letters (see Sec. 12) use columns as 
follows: 

а. All a-c, single-phase and polyphase, squirrel-cage or synchro¬ 
nous motors when started with full voltage or when started by 
resistor or reactor starting: 

Code letter A —use columns 14, 15, and 16. 

Code letters B to E —use columns 8, 9, and 10. 

Code letters F to R —use columns 2, 3, and 4. 

б . All a-c, squirrel-cage or synchronous motors when started with 
autotransformer starting: 

Code letter A —use columns 14, 15, and 16. 

Code letters B to E —use columns 11, 12, and 13. 

Code letters F to R —use columns 8, 9, and 10. 

2. For motors not marked with Code letters use columns as follows: 

a. Single-phase motors of all types—use columns 2, 3, and 4. 

b. Polyphase, squirrel-cage, normal-starting-current type when 
started with full voltage or when started by resistor or reactor 
starting—use columns 2, 3, and 4. 

c. Polyphase, squirrel-cage, normal-starting-current type when 
started with autotransformer starting: 

When full-load current is not more than 30 amp.—use 
columns 8, 9, and 10. 

When full-load current is more than 30 amp.—use col¬ 
umns 11, 12, and 13. 

d. Polyphase, squirrel-cage, low-starting-current type: 

When full-load current is not more than 30 amp.—use 
columns 5, 6, and 7. 

When full-load current is more than 30 amp.—use columns 
11 , 12, and 13. 

e. Polyphase, squirrel-cage, high-resistance type: 

When full-load current is not more than 30 amp.—use 
columns 5, 6, and 7. 

When full-load current is more than 30 amp.—use columns, 
11, 12, and 13. 

/. Automatic start, polyphase, squirrel-cage type—use columns 
14, 15, and 16. 

If trouble is encountered with fuses or circuit breakers blow¬ 
ing on starting follow instructions under e. 
g. Polyphase, commutator-type, brush-shifting type of motor: 
When full-load current is not more than 30 amp,—use 
columns 5, 6, and 7. 
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When full-load current is more than 30 amp.—use columns 
11, 12, arid 13. 

h. Polyphase, polyspeed type of motor: 

For heavy-starting duty—follow instructions under e. 

For moderate-starting duty—follow instructions under d. 

For light-starting duty—use columns 14, 15, and 16. 

i. Fynn-Weichsel motors—use columns 14, 15 and 16. 

j. Supersynchronous motors: 

When started with full voltage or when started by resistor or 
reactor starting—use columns 2, 3, and 4. 

When started with autotransformers—use columns 11, 12, 
and 13. 

3. For general-purpose synchronous motors not marked with Code 
letters, use columns as follows: 

a. High-speed type and low-speed high-torque type, when started 
with full voltage or when started by resistor or reactor starting 
—use. columns 2, 3, and 4. 

b. High-speed type and low-speed, high-torque type when started 
with autotransformer starting: 

When full-load current is not more than 30 amp.—use 
columns 8, 9, and 10. 

When full-load current is more than 30 amp.—use columns 
11, 12, and 13. 

c. Low-speed, low-torque type: 

When full-load current is not more than 30 amp.—use 
columns 5, 6, and 7. 

When full-load current is more than 30 amp.—use columns 
11, 12, and 13. 

4. For polyphase, wound-rotor motors—use columns 14, 15, and 16. 

5. For d-c motors—use columns 14, 15, and 16. 



S6A. Maxi mum Allowable Ratings of Fuses, Setting of Time-limit-type Circuit Breakers, and Size of Fuse Clips for 
Fused Motor Circuit or Disconnecting Switches, for Given Percentages of Full-load Current Rating of 

Motor in Accordance with Secs. 12, 13, and 14 

(All Values in Amperes) 
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87. Maximum Allowable Voltage Drop 

(In accordance with good practice; refer to Sec. 41 of Div, 3) 



Voltage 
drop, 
per cent 

System voltages 

Circuits 

110 

115 

220 

230 

440 

550 


Voltage drop 


Remarks 


For Total Drop of 3 Per Cent" 


Lighting: 

Branches. 

2 

2.2 

2.3 

4.4 

4.6 



In accordance with recoin- 

Mains and feed¬ 
ers combined.. 

1 

1.1 

1.2 

2.2 

2.3 



mendations of the National 
Electrical Code 

Total. 

3 

373 

3.5 

6.6 

6.9 









l.... 


For Total Drop of 4 Per Cent 


Lighting: 

Branches. 2 2.2 2.3 

Mains and feed¬ 
ers combined.. 2 2.2 2.3 

Total. 4 4.44.0 


For Total Drop of 5 Per Cent 


Power: 

I 

1 

t 


| 





Branches. 

2 

2.2 

2.3 


; 



In accordance with recom- 

Mains and feed¬ 








mendations prepared 

by 

ers combined.. 

3 

3.3 

3.5 





Industry Committee 

on 

Total. 

5 

5.5 

1 

5.8 

i 



1 

Interior Wiring Design 



For Total Drop of 5 Per Cent 


Power: 

Branches. 

Mains and feed¬ 
ers combined.. 
Total. 


For Total Drop of 4 Per Cent* 


Power: 

Branches. 

Mains and feed¬ 
ers combined.. 

1 

3 



2.2 

1 

6.6 

2.3 

6.9 

4.4 

IB.2 

5.5 

1 

16.6 

In accordance with recom¬ 
mendations of the National 
Electrical Code 

Total. 

4 



8.8 

9.2 

4T.0 

22.0 




2.2 

2.3 

4.4 

V 

5.5 

In accordance with recom¬ 
mendations prepared b> 


8.8 

9.2 

1_£« 

22.0 

Industry Committee an 


11.0 

; 

11.5 

22.6 

27TS 

Interior Wiring Design 


4.4 

4.6 



! In accordance with recoin- 




j 

mendations prepared 

by 

4.4 

4.6 



Industry Committee 

on 

8.8 

9.2 



Interior Wiring Design 



Gives especially good operating conditions. 
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39. Effect of inductance can be neglected unless the size of wire 
exceeds the following values: 


Size of wire with following spacings 


Type of load 

In 

conduit 

2M in. 

4 in. 

5 

in. 

6 

in. 

8 

in. 

12 

in. 

18 

in. 

24 

in. 

36 

in. 

48 

in. 

Incandescent lamps—60 












cycles. 

4/0 

2/0 

1/0 

1/0 

1 

1 

2 

2 

2 

3 

3 

Incandescent lamps—25 












cycles. 

600,000 

400,000 

300,000 

4/0 

4/0 

4/0 

3/0 

3/0 

3/0 

3/0 

2/0 

Motors—60 cycles. 

1 

3 

4! 

4 

5 

5 

5 





Motors—25 cycles. 

4/0 

00 

0 

0 

0 

1 

1 

2 

2 

2 

3 


40. Effective Spacings of Wires to Use for Different Systems 


System 

Arrangement 
of wires 

Effective spacing that should be used with Mershon 
diagram or table of ratio of reactance to resistance 

Single-phase, 
three-wire 

Any 

Use spacing between outside wires 

Two-phase, 
any number 
of wires 

Any 

Use a spacing equal to average distance between centers 
of wires of the same phase 

Three-phase 

f*T 8 l 

Effective spacing * \fjLBC when wires are transposed 
so that each wire occupies each position for approxi¬ 
mately one-third of the length of the line 


A- 

Effective spacing « y/ ABC when wires are transposed 
so that each wire occupies each position for approxi¬ 
mately one-third of the length of the line 


r* -t b i 

ulJ 

Effective Bpacinf « 1.26A when wires are transposed 
so that each wire occupies each position for approxi¬ 
mately one-third of the length of the line 


A*a 

The position of the neutral in a four-wire system does 
not affect the spacing 
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41. Approximate Power Factors of Apparatus 

Type of Apparatus Power Factor 


Incandescent lamps and heaters 

1 0 

Fluorescent lamps* 

0 5-0 95 

Mercury-vapor lamps 6 

0 5-0.95 

Induction motors 8 


1 

hp 

0 67 

2 

hp 

0 73 

3 

hp 

0 80 

5 

hp 

0 83 

m hp 

0 85 

10 

hp 

0 85 

15 

hp 

0 85 

20 

hp 

0 85 

25 

hp 

0 86 

30 

hp 

0 87 

40 

hp 

0 89 

50 

hp 

0 91 

60 

hp 

0 92 

75 

hp 

0 92 

100 

hp 

0 92 

125 

hp 

0 92 

150 

hp 

0 93 

200 

hp 

0 93 

Sychronous motors 

0 8 to 1 0 leading 


Note —All power factors less than unity are lagging except for synchronous motors. 
0 For more accurate information refer to Div 9 
6 For more accurate information refer to Div 9 

«The values of power factor for induction motors are average values when the motors 
are operating at 75 per cent of rated load 
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1 27 1 43 1 56 1 66 1 81 2 04 2 28 2 42 2 66 2 83 2 96 3 04 3 14 3 22 

1 19 1 34 1 44 1 55 1 70 1 90 2 11 2 25 2 47 2 62 2 72 2 82 2 90 2 98 

1 10 1 24 1 34 1 43 1 56 1 76 1 94 2 08 2 27 2 41 2 51 2 62 2 68 2 74 

1 03 1 15 1 25 1 33 1 46 1 63 1 81 1 93 2 12 2 23 2 33 2 42 2 46 2 53 

0 95 1 05 1 14 1 21 1 32 1 47 1 63 1 75 1 90 2 01 2 09 2 16 2 22 2 28 
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44. Alternating-current Drop Factors 


Power factor 


Ratio of 
reactance to 

1.00 

0.95 

O.ttO 

0.85 

0.80 

0.70 

0.60 j 

0.40 

resistance 










Drop factor 


0.1 

1.00 

1.00 

1.00 

0.94 

0.88 

0.80 

0.70 

0.60 

0.2 

1.00 

1.01 

1.01 

0.98 

0.92 

0.86 

0.82 

0.67 

0.3 

1.00 

1.05 

1.05 

1.02 

0.99 

0.93 

0.89 

0.74 

0.4 

1.00 

1.08 

1.10 

1.08 

1.04 

1.00 

0.93 

0.82 

0.5 

1.00 

1.11 

1.14 

1.13 

1.10 

1.07 

1.01 

0.92 

0.6 

1.01 

1.15 

1.18 

1.19 

1.15 

1.14 

1.09 

1.01 

0.7 

1.02 

1.18 

1.23 

1.24 

1 .21 

1.20 

1.17 

1.11 

0.8 

1.02 

1.21 

1.28 

1.29 

1.28 

1.27 

1.24 

1.20 

0.9 

1.03 

1.25 

1.33 

1.34 

1.34 

1.35 

1.32 

1.29 

1.0 

1.04 

1.28 

1.37 

1.39 

1.40 

1.41 

1.39 

1.38 

1.1 

1.05 

1.32 

1.41 

1.44 

1.45 

1.48 

1.47 

1.46 

1.2 

1.06 

1.35 

1.46 

1.50 

1.51 

1.55 

1.54 

1.55 

1.3 

1.07 

1.39 

1.51 

1.55 

1.57 

1.62 

1.63 

1.64 

1.4 

1.08 

1.43 

1 . 55 

1.61 

1.64 

1.70 

1.71 

1.72 

.5 

1.10 

1.47 

1.60 

1.67 

1.70 

1.77 

1.80 

1.81 

1.6 

1.10 

1.31 

1.65 

1.74 

1.77 

1.85 

1.87 

1.90 

1.7 

1.13 

1.55 

1.70 

1.79 

1.84 

1.92 

1.95 

1.99 

1.8 

1.15 

1.59 

1.76 

1.85 

1.91 

1.99 

2.04 

2.08 

1.9 

1.17 

1.63 

1.82 

1.91 

1.98 

2.06 

2.11 

2.16 

2.0 

1.18 

1.68 

1.87 

1.96 

2.04 

2.14 

2.19 

2.25 

2.1 

1.20 

1.72 

1.92 

2.03 

2.10 

2.21 

2.28 

2.35 

2.2 

1.22 

1.77 

1.98 

2.09 

2.17 

2.29 

2.37 

2.45 

2.3 

1.23 

1.82 

2.03 

2.15 

2.23 

2.37 

2.45 

2.53 

2.4 

1.25 

1.87 

2.09 

2.22 

2.30 

2.44 

2.53 

2.62 

2.3 

1.27 

1.91 

2.14 

2.28 

2.37 

2.52 

2.60 

2.71 

2.0 

1.30 

1.95 

2.20 

2.34 

2.44 

2.60 

2.67 

2.80 

2.7 

1.32 

1.99 

2.26 

2.41 

2.51 

2.68 

2.74 

2.98 

2.8 

1.35 

2.05 

2.32 

2.47 

2.57 

2.76 

2.82 

3.07 

2.9 

1.37 

2.10 

2.39 

2.54 

2.64 

2.83 

2.91 

3.15 

3.0 

1.40 

2.15 

2.45 

2.60 

2.72 

2.90 

3.00 

3.23 

3.1 

1.42 

2.20 

2.51 

2.66 

2.80 

2.97 

3.10 

3.31 

3.2 

1.45 

2.26 

2.57 

2.73 

2.87 

3.05 

3.20 

3.39 

3.3 

1.48 

2.31 

2.63 

2.80 

2.93 

3.12 

3.30 

3.47 

3.4 

1.51 

2.36 

2.69 

2.87 

3.00 

3.20 

3.39 

3.56 

3.5 

1.53 

2.42 

2.74 

2.94 

3.08 

3.27 

3.48 

3.65 

3.6 

1.57 

2.47 

2.80 

3.00 

3.15 

3.35 

3.56 

3.75 

3.7 

1.60 

2.52 

2.86 

3.07 

3.23 

3.43 

3.65 

3.85 
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46. Average D-c Resistances and Correction Factors for A-c Resistances 
and Reactances for Copper Conductors 



D-c resistance ohms per 
1000 ft 

60-cycle correction factors 6 

Single conductor 
A-c resistance* 

Three conductors 

Size A w g 








or cir mils 







React 








ance (for 


At 

At 

\t 

Standaid 

t , 

A-c re 

cable 


50°C 

60°C 

70°C * 

stiand 


sistamt 

with 








magnetic 








binder) 

8 

0 705 

0 735 

0 765 

1 00 


1 00 

1 26 

6 

0 445 

0 464 

0 482 

1 00 


1 00 

1 26 

4 

0 279 

0 292 

0 303 

1 00 


1 00 

1 26 

2 

0 176 

0 184 

0 191 

1 00 


1 01 

1 26 

1 

0 140 

0 146 

0 152 

1 00 


1 01 

1 26 

1/0 

0 117 

0 115 

0 120 

1 00 


1 02 

1 26 

2/0 

0 0877 

0 0915 

0 0952 

1 00 


1 03 

1 26 

3/0 

0 0696 

0 0725 

0 0755 

1 00 


1 04 

1 26 

4/0 

0 0552 

0 0575 

0 0598 

1 00 


1 05 

1 26 

250 000 

0 0467 

0 0486 

0 0506 

1 01 


1 06 

1 26 

300 000 

0 0390 

0 0406 

0 0423 

1 01 


1 07 

1 26 

350 000 

0 0336 

0 0348 

0 0362 

1 01 


1 08 

1 26 

400 000 

0 0292 

0 0304 

0 0317 

1 02 


1 10 

1 25 

500 000 

0 0234 

0 0244 

0 0254 

1 02 


1 1 i 

1 25 

600 000 

0 0195 

0 0203 

0 0211 

1 01 


1 1< 

1 24 

700 000 

0 0167 

0 0174 

0 0181 

1 01 


1 1 >> 

1 24 

750 000 

0 0156 

0 0162 

0 0169 

1 04 

| 1 02 

l .1 

1 21 

800 000 

0 0147 

0 0153 

0 0159 

1 05 

1 1 02 

1 


1 000 000 

0 0117 

0 0122 

0 0127 

1 07 

1 03 


1 

1 250 000 

0 0093 

0 0097 

0 0101 

1 11 

1 03 



1 500 000 

0 0078 

0 0081 

0 00842 

1 15 

1 04 



1 750 000 

0 00667 

0 00695 

0 00724 

1 19 

1 05 



2 000,000 

0 00583 

0 00607 

0 00632 

1 24 

1 06 



2 500 000 

0 00467 

0 00486 

0 00506 


1 11 




• Temperature correction is 0 39 per cent per degree centigrade (positive for highei 
temperatures, negative for lower temperatures) 

6 These are multiplying factors 

• Allows for skin effect only 
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47. Direct-current Resistance of Solid Copper Wire 



Conductor 

Lb. per 
mile-ohm 

101 

Soft or annealed (A.S.T.M. Spec. B 3). 

891.58 

98.16 





896.15 

97.66 



96.66 




Ms sjtTMTnTaig i 


97.16 

Diameter 0.324 in.—0.040 in. (No. 1—No. 18 A.w.g.).1 

910.15 

96.16 


For wire sizes smaller than No. 18 A.w.g. in medium-hard and hard-drawn tempers: 
No A.6.T.M. requirements; resistances for these sizes in above table based cm 
905.44 lb. per mile-ohm (96.66 per cent conductivity) for medium hard wire, and 
910.15 lb. per mile-ohm (96.16 per cent conductivity) tor hard-drawn wire. 

The above data are approximate and subject to normal manufacturing tolerances* 
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48. Direct-current Reeistance of Stranded Copper Wire 


Sise Resistance, ohms per 1,000 ft. at 68°F. 


A.w.g. 

Circular mils 

Soft or 
annealed 

Medium 

hard 

Hard 

drawn 

Tinned, 
soft drawn 


5,000,000 

0.002219 





4,500,000 

0.002465 





4,000,000 

0.002747 





3,500,000 

0.003139 





3,000,000 

0.003628 





2,500,000 

0.004353 





2,000,000 

0.005388 



0.005444 


1,750,000 

0.006158 



0.006221 


1,500 000 

0 007185 



0.007258 


1,250,000 

0.008622 



0.008710 


1,000,000 

0.01078 

0.01094 

0.01100 

0.01089 


900,000 

0.01197 

0.01216 

0.01222 

0.01210 


800,000 

0.01347 

0.01368 

0.01375 

0.01361 


750,000 

0.01438 

0.01459 

0.01467 

0.01452 


700,000 

0.01540 

0.01563 

0.01572 

0.01555 


600,000 

0.01796 

0.01824 

0.01834 

0.01833 


500,000 

• 0.02155 

0.02189 

0.02200 

0.02178 


450,000 

0.02395 

0.02432 

0.02445 

0.02419 


400,000 

0.02684 

0.02736 

0.02750 

0.02722 


350,000 

0.03079 

0.03127 

0.03143 

0.03143 


300,000 

0.03592 

0.03648 

0.03667 

0.03667 


250,000 

0.04311 

0.04378 

0.04400 

0.04400 

4/6 

211,600 

0.05093 

0.05172 

0.05199 

0.05145 

3/0 

167,800 

0.06422 

0.06522 

0.06556 

0.06556 

2/0 

133,100 

0.08097 

0.08223 

0.08256 

0.08266 

1/0 

105,500 

0.1021 

0.1037 

0.1043 

0.1042 

1 

83,690 

0.1288 

0.1308 

0.1315 

0.1314 

2 

66,370 

0.1624 

0.1649 

0.1658 

0.1657 

3 

52,630 

0.2047 

0.2059 

0.2070 

0.2090 

4 

41,740 

0.2582 

0.2596 

0.2610 

0.2635 

5 

33,100 

0.3256 

0.3274 

0.3291 

0.3323 

6 

26,250 

0.4105 

0.4128 

0.4149 

0.4191 

7 

20,820 

0.5176 



0.5284 

8 

16,510 

0.6528 



0.6663 

9 

13,090 

0.8233 



0.8402 

10 

10,380 

1.038 



1.060 

12 

6,530 

1 .650 



1.685 

14 

4,107 

2.624 



2.679 

16 

2,583 

4.172 



4.350 

18 

1,624 

6.636 



6.917 

20 

1,022 

10.54 



11.00 


Resistances: Maximum values for nominal diameters based upon A.8.T.M. Spec. B 3 
resistivity of 891.58 lb. per mile-ohm (equivalent to 98.16 per cent I.A.C.S. conductiv¬ 
ity), increased as follows for stranding. 


Sise, Cir, Mils or 
A.w.g. 

5,000,000-4,500,000 
4,000,000-3,500,000 
3,000,000-2,500,000 
2,000,000- 250,000. 
4/0- 20. 


Per Cent of 
Increase of 
Resistance 
.... 5 
.... 4 
. ... 3 
.... 2 
.... 2 
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49. Skin-effect Ratios for Concentric-stranded and Annular Copper 

Conductors 



Skin-effect ratio 

Size, 
cir. mils 

Concentric stranded 

Annular conductor 


25 cycles 

60 e> cl eh 

25 i\\ cles 

60 cycles 

250,000 


1.003 



300,000 


1 .006 



350,000 


1.009 



400,000 


1.011 



450,000 


1.014 



500,000 


1.018 



550,000 


1.021 



600,000 

1.005 

1.025 



650,000 

1.005 

1.029 



700,000 

1.006 

1.034 



750,000 

1.007 

1.039 i 

1.004 

1.021 

800,000 

1.008 

1.044 

1.004 

1.020 

850,000 i 

1.009 

1.049 



900,000 

1.010 

1.055 

1.005 

1.026 

950,000 

1.011 

! 

1.061 



1,000,000 

1.012 

1.067 

1.006 

1.031 

1,250,000 

1.019 

1.102 

1.007 

1.034 

1,500,000 

1.027 

1.142 

1.007 

1.037 

1,750,000 

1.037 j 

1.185 

1.008 

1.043 

2,000,000 

1.048 

1.233 

1.009 

1.045 

2,250,000 

1.059 

1.276 



2,500,000 

1.071 

1.326 

1.012 

1.066 

3,000,000 

1.100 

1.424 

1.019 

1.105 

3,500,000 

1.130 

1.513 

1.020 

1.110 

4,000,000 

1.165 

1.605 

1.021 

1.116 

4,500.000 

1.200 

1.685 

1.022 

1.118 

5,000,000 

1.237 

1.765 

1.023 

1.121 
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60. Skin-effect Ratio for Tubular Copper Conductors 

This table gives the conductor diameter in inches d , and the 60-cycle, 
skin-effect ratio or ratio of a-c to d-c resistance, both for the ordinary 
form of stranding (inside diameter = 0) and for tubular conductors. 


Inside diam. of tubular conductor, in. 


Size, cir. mils 

0 

0.25 

0.50 

0.75 


d 

Ratio 

d 

Ratio 

d 

Ratio 

d 

Ratio 

3,000,000 

1.998 

1.439 

2.02 

1.39 

2.08 

1.36 

2.15 

1.29 

2,500,000 

1.825 

1.336 

1.87 

1.28 

1.91 

1.24 

2.00 

1.20 

2,000,000 

1.631 

1.239 

1.67 

1.20 

1.72 

1.17 

1.80 

1.12 

1,500,000 

1.412 

1.145 

1.45 

1.12 

1.52 

1.09 

1.63 

1.06 

1,000,000 

1.152 

1.068 

1.19 

1.05 

1.25 

1.03 

1.39 

1.02 

800,000 

1.031 

1.046 

1.07 

1.04 

1.16 

1.02 

1.28 

1.01 

600,000 

.893 

1.026 

.94 

1.02 

1.04 

1.01 



500,000 

.814 

1.018 

.86 

1.01 

.97 

1.01 



400,000 

.728 

1.012 

.78 

1.01 





300,000 

.630 

1.006 








Inside diam. of tubular conductor, in. 


Size, cir. mils 


1.25 

1.50 

2.00 


d 

Ratio 

d 

Ratio 

d 

Ratio 

d 

Ratio 

3,000,000 

2.27 

1.23 

2.39 

1.19 

2.54 

1.15 

2.87 

1.08 

2,500,000 

2.12 

1.16 

2.25 

1.12 

2.40 


2.75 

1.05 

2,000,000 

1.94 

1.09 


1.06 

2.25 

1.05 

2.61 

1.02 

1,500,000 

1.75 

1.04 

1.91 

1.03 

2.07 

1.02 

2.47 

1.01 

1,000,000 

1.53 

1,01 

1.72 

1.01 





800,000 

1.45 

1.01 
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51. Average Resistance for All-steel Conductors 


Size and type of 
conductor 

D-c 

resistance, 
ohms per 
1,000 ft. 
at 68°F. 

A-c, 60-cycle resistance at various 
loadings, ohms per 1,000 ft. at 68°F. 

1 

amp. 

5 

amps. 

10 

amps. 

15 

amps. 

20 

amps. 

Type S: 







4 B.w.g., solid. 

1.5 



1.9 

2.1 

2.4 

6 B.w.g., solid. 

2.1 



2.3 

2.6 


8 B.w.g., solid. 

3.2 



3.7 



Type S-3: 







4 B.w.g., three-wire. 

1.5 

1.6 

1.6 

1.6 

1.7 

1.7 

6 B.w.g., three-wire. 

2.1 



2.2 

2.3 


8 B.w.g., three-wire. 

3.2 



3.4 




52. Average Resistance for Copper-steel Conductors 


Size, 

A.w.g. 

D-c 

resistance, 

ohms 

A-c 

resistance, 

ohms 

2 

0.160 

0.17 

4 

0.256 

0.27 

6 

0.406 

0.41 

8 

0.646 

0.66 

10 

1.050 

1.06 

12 

1.660 

1.68 


53. Average D-c Resistance for Copperweld Conductors 

Conductor 

Solid Conductors: 

30 per oent conductivity—multiply resistance of solid copper wire of same size 
by 3.33 

40 per cent conductivity—multiply resistance of solid copper wire of same size 
by 2.5 

Stranded Conductors: 

30 per cent conductivity—multiply resistance of solid copper wire of same Bize 
as each strand by the product of number of strands 
times 3.4 

40 per cent conductivity—multiply resistance of solid copper wire of same size 
as each strand by the product of number of strands 
times 2.55 

Composite Conductors— refer to Table 108 of Div. 2 



















64. Resistance of Aluminum Cable, Steel-reinforced 
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,5 

S 

S 

i 

§ 


0.0698 

0.0726 

0.0756 

0.0790 

0.0829 

0.0874 

0.0927 

0.0988 

0.106 

0.112 

0.115 

0.125 

0.117 

0.117 

0.139 

0.131 

0.131 

0.148 

0.156 

0.147 

0.147 

0.163 

0.154 

0.168 

0.168 


0.0670 

0.0698 

0.0730 

0.0765 

0.0805 

0.0851 

0.0904 

0.0967 

0.104 

0.110 

0.113 

0.123 

0.117 

0.117 

0.137 

0.131 

0.131 

0.146 

0.153 

0.147 

0.147 

0.161 

0.154 

0.168 

0.168 

s i 

0.0615 

0.0545 

0.0678 

0.0715 

0.0757 

0.0805 

0.0860 

0.0924 

0.0998 

0.106 

0.109 

0 119 
0.117 
0.117 
0.133 

0.131 

0.131 

0.142 

0.149 

0 147 

0.147 

0.157 

0.154 

0.168 

0.168 

J 

P | 

l I 
! I 
1 

s ! 

0.0638 

0.0668 

0.0703 

0.0740 

0.0782 

0.0830 

0.0885 

0.0945 

0.102 

0.108 

0.111 

0.121 

0.117 

0.117 

0.134 

0.131 

0.131 

0.144 

0.152 

0 147 

0.147 

0.160 

0.154 

0.168 

0.168 

sajavfc) 

OS 

0.0625 

0.0655 

0.0690 

0.0728 

0.0770 

0.0818 

0.0873 

0.0935 

0.101 

0.107 

0.110 

0.120 

0.117 

0.117 

0.133 

0.131 

0.131 

0.143 

0.151 

0.147 

0.147 

0.159 

0.154 

0.168 

0.168 

25 

cycles 

0.0600 

0.0630 

0.0665 

0.0703 

0.0746 

0.0794 

0.0850 

0.0914 

0.0990 

0.105 

0.108 

0.118 

0.117 

0.117 

0.131 

0 131 

0 131 
0.141 
0.148 
0.147 

0.147 

0.156 

0.154 

0.168 

0.168 

1 t 

•8 S. 

i f 

n i 

a 8 

60 

cycles 

ope®©©© 

© © © © © © © © © © © © © © © ©©©do ©odd© 

50 

cycles 

0.0611 

0.0642 

0.0676 

0.0713 

0.0756 

0.0804 

0.0860 

0.0924 

0.100 

0.106 

0.109 

0.119 

0.117 

0.117 

0.133 

0.131 

0.131 

0.143 

0.149 

0.147 

0.147 

0 157 
0.154 
0.168 
0.168 

8 

n 

0.0595 

0.0626 

0.0660 

0.0698 

0.0741 

0.0790 

0.0846 

0.0910 

0.0986 

0.104 

0.107 

0.118 

0.117 

0.117 

0.131 

0.131 

0.131 

0.141 

0.148 

0.147 

0.147 

0.155 

0.154 

0.168 

0.168 

1 i 

I S' 

1 * 

c d 

? § 

I 


0.0598 
0.0629 
0 0663 
0.0702 
0 0746 

0.0795 

0.0852 

0.0917 

0.0989 

0.105 

0.109 

0.119 

0.117 

0.117 

0.133 

0.131 

0.131 

0.142 

0.149 

0.147 

0.147 

0.156 

0.154 

0.168 

0.168 

50 

cycles 

0.0595 

0.0626 

0.0661 

0.0699 

0.0743 

0 0792 
0.0849 
0.0913 
0.0986 
0.105 

0.108 

0.119 

0 117 
0.117 
0.132 

0.131 

0.131 

0.141 

0.148 

0 147 

0.147 

0.156 

0.154 

0.168 

0.188 

8 

L? 

0.0590 

0.0621 

0.0655 

0.0694 

0.0737 

0.0786 

0.0842 

0.0907 

0.0981 

0.104 

0.107 

0.118 

0.117 

0.117 

0.131 

0.131 

0.131 

0.140 

0.147 

0 147 

0.147 

0.155 

0.154 

0 168 
0.168 

200 amp. per sq. in. 

60 

cycles 

0.0594 

0.0625 

0.0659 

0.0698 

0.0742 

0.0791 

0.0848 

0.0913 

0.0985 

0.105 

0.108 

0.119 

0.117 

0.117 

0.133 

0.131 

0.131 

0.142 

0.149 

0.147 

0.147 

0.156 

0.154 

0.168 

0.168 

50 

cycles 

0.0592 

0.0623 

0.0658 

0.0696 

0.0740 

0.0789 

0.0845 

0.0910 

0.0983 

0.104 

0.107 

0.119 

0.117 

0.117 

0.132 

0.131 

0.131 

0.141 

0.148 

0.147 

0 147 
0.155 
0.154 
0.168 
0.168 

25 

cycles 

0.0589 

0.0620 

0.0654 

0.0693 

0.0736 

0.0785 

0.0841 

0.0906 

0.0980 

0.104 

0.107 

0.118 

0.117 

0.117 

0.131 

0.131 

0.131 

0.140 

0.147 

0.147 

0.147 

0.155 

0.154 

0.168 

0.168 

D-c re¬ 
sistance, 
ohms per 

amp. 

and 

25°C. 

0.0587 

0.0618 

0.0652 

0.0691 

0.0734 

0.0783 

0.0839 

0.0903 

0.0979 

0.104 

0.107 - 

0.117 

0.117 

0.117 

0.131 

0.131 

0.131 

0 140 
0.147 
0.147 

0.147 

0.154 

0.154 

0.168 

0.168 

Ml 

copper 

£& 

61% 

1,000,000 

950,000 

900,000 

850,000 

800,000 

750,000 

700,000 

650,000 

600,000 

566,000 

550,000 

500,000 

500,000 

500,000 

450,000 

450.000 

450,000 

419,000 

400,000 

400,000 

400,000 

380,500 

380,500 

350,0001 

350,000! 

No. of 
wires 

1 

OONSN NOINNN 

J 

*< 

ssssas 33333 338SS SS33S 8S88S 

iU 

0*3 

Ill 

ccecrocoeo co eo e*5 e*s eo wmnnm 

jT*3S| 

•» tSl 

1,590,000 

1.510.500 
1,431,000 

1.351.500 
1,272,000 

1.192.500 
1,113,000 
1,033,500 

954,000 

900,000 

874.500 
795,000 
795,000 
795,000 

715.500 

715,500 

715.500 
666,600 
636,000 
636,000 

636,000 

605,000 

605,000 

556,600 

556.500 








Div. 10] 


WIRING TABLES 


1579 


s$m 

ooooo 

88881 

ooooo 

mm 

ooooo 

5538S8S 

*m <-« ** d « e*s 

SSiSI mis 

OOOOO OOCJHrt 

22288 

ooooo 

0 278 

0 278 

0 311 

0 311 

0 350 

0 454 

0 521 

0 624 

0 758 

0 927 

S5SSSS 

hhn««« 

0 509 

0 509 

0 487 

0 542 

0 584 

0 649 

0 767 

0 932 

1 008 

1 214 

gssgg 

ooooo 

0 278 

0 278 

0 311 

0 311 

0 350 

88888 

ooooo 

1 13 

1 42 

1 78 

2 24 

2 82 

3 56 

mm 

OOOOO 

liiii 

oooo~~ 

SSS88 

ooooo 

NN««» 

OOOOO 

lisii 

ooooo 

*H C4 *4 CO 

mm 

OOOOO 

0 617 

0 729 

0 886 

0 963 

1 181 

§*SS§ 

ooooo 

0 278 

0 278 

0 311 

0 311 

0 350 

0 406 

0 493 

0 597 

0 730 

0 901 


'**<•*'0*9 

OOOOO 

0 610 

0 721 

0 876 

0 952 

1 178 

mm 

ooooo 

ESSES 

NNeonn 

ooooo 

ec**»*9b-00 

ooooo 

1 12 

1 41 

1 78 

2 24 

2 82 

3 56 

99983 

OOOOO 

0 595 

0 703 

0 855 

0 929 

1 176 

ooooo 

NNnnn 

ooooo 

0 388 

0 485 

0 594 

0 727 

0 899 

1 12 

1 41 

1 78 

2 24 

2 82 

3 56 

SSiis 

ooooo 

0 602 

0 711 

0 864 

0 940 

1 172 

_ 

0 187 

0 196 

0 196 

0 235 

0 235 

O 

©oe-oeo ww 

ooooo 

88581 

ooooo 

1 12 

1 41 

1 78 

2 24 

2 82 

3 56 

0 469 

0 469 

0 451 

0 499 

0 538 

IIH5 

ooo©^ 

0 187 

0 196 

0 196 

0 235 

0 235 

EESSS 

««wps« 

ooooo 

38888 

ooooo 

1 12 

1 41 

1 78 

2 24 

2 82 

3 56 

ooooo 

sliSS 

oooo-» 

NOtDlfilQ 

ooooo 

NNMP5M 

ooooo 

0 355 

0 453 

0 569 

0 712 

0 892 

•"HHNwn 

iSliS 

ooooo 

0 590 

0 699 

0 850 

0 923 

1 170 

mm 

ooooo 

ESSSg 

NN«f"W 

ooooo 

0 353 

0 450 

0 566 

0 709 

0 890 

1 12 

1 41 

1 78 

2 24 

2 82 

3 56 

ooooo 

0 589 

0 698 

0 848 

0 922 
1170 

2®®ww 

ooooo 

SSSSS 

coeoeoorfi 

ooooo 

0 351 

0 444 

0 560 

0 704 

0 886 

1 12 

1 41 

1 78 

2 24 

2 82 

3 56 

SS5SS 

** ♦ -*• *9 

ooooo 

ling 

oooo-« 

g£j§j§|§ 

ooooo 

aooo-H © 

NNMrtrt 

OOOOO 

0 352 

0 446 

0 561 

0 707 

0 889 

1 12 

1 41 

1 78 

2 24 

2 82 

3 5b 

§££§§ 

ooooo 

iisig 

oooo — 

SIS88 

ooooo 

essss 

NMMC49 

ooooo 

0 351 

0 445 

0 560 

0 705 

0 888 

1 12 

1 41 

1 78 

2 24 

2 82 

3 56 

££££§ 

ooooo 

mm 

©ooo*-< 

§1188 

ooooo 

KSlS Eg 

NNnmn 

ooooo 

0 350 

0 443 

0 557 

0 703 

0 885 

1 12 

1 41 

1 78 

2 24 

2 82 

3 56 

0 466 

0 460 

0 442 

0 490 

0 528 

0 587 

0 694 

0 843 

0 918 

1 170 

§1188 

ooooo 

M « ec er'55 

ooooo 

0 350 

0 441 

0 556 

0 702 

0 885 

S3R33S 

NHr<N(Nrt 

38988 

ooooo 

0 587 

0 694 

0 843 

0 917 

1 170 

liiii 

28SS8 

nnnnn 

11 

© © ► © 
^ggc© 

NNNNK 

° 00 ~«N 

e© <*< us © i- oo 

liiii 

NOSNt" 

mil 

8SSSS 

ooooo 

c»*> ©9 i* e* «5 

26 

30 

26 

30 

26 

OOOOO 

oooooo 

QOOC4C4CSI 

£9 C* *9 94 00 













85SSS 

8&S8 

88888 

85818 

1 

oooo 
® w»co*4*i 


Hill 

iiiii 

iiisi 

SS3S® 


See notes following Table 55 
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55. Direct-current Resistance for All-aluminum Wire 


Size, 

A.w.g. 

Size, 
cir mils 

Ohms per 
mile at 25°C 
for 61 % 
conductivity 

Size, 

4. w g 

Size, 
cir mils 

Ohms per 
mile at 25°C 
for 61 % 
conductivity 


1,590,000 

0 0587 


500 000 

0 187 


1,510,000 

0 0618 


477,000 

0 196 


1,431,000 

0 0652 


397,500 

0 235 


1,351,500 

0 0691 


336 400 

0 278 


1,272,000 

0 0734 


300,000 

0 311 


1,192,500 

0 0783 


266,800 

0 350 


1,113,000 

0 0839 

4/0 

211,600 

0 441 


1,033,500 

0 0903 

3/0 

167 806 

0 556 


964,000 

0 0979 

2/0 

133 077 

0 702 


874,500 

0 107 

1/0 

105 535 

0 885 


795,000 

0 117 

1 

83 693 

1 12 


750 000 

0 124 

2 

6b 371 

1 41 


715 500 

0 131 

* 

52 635 

1 78 


636,000 

0 147 

4 

41 741 

2 24 


556 500 

0 168 





Notes. 


1. The d-c resistances are based on aluminum of 61 per cent conduc¬ 
tivity. For stranded conductors, the resistances are 2 per cent greater 
than the equivalent solid conductor This allows for increase of length 
due to an average length of lay as recommended by the American Institute 
of Electrical Engineers. 

2. In computing the resistances of aluminum cable, steel-reinforced, no 
deduction is made for the conductance of the steel core. 

3. The a-c resistances are based on calculations developed from actual 
tests. 

4. No allowance has been made for increased length because of sag 
when the conductors are suspended. 


56. Reactance of Single-conductor, Standard-strand, and Three-con¬ 
ductor Cables without Magnetic Binder (for Small Spacings) 

Ohms per 1,000 ft. to Neutral—at 60 cycles. {General Electric Co.) 



*SeeTabfe40 
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57. Reactance of Single-conductor, Standard-strand, and Three- 
conductor Cables without Magnetic Binder (for Large Spacings) 
Ohms per 1,000 ft. to Neutral—at 60 cycles {General Electric Co.) 

0.14 1 —|—|—|—|—|—|—|—|—|—|—|—|—|—|—I—|—i—|—|—i „ r£ 



0 I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 16 19 20 

Conductor spacing (center to center), inches 41 


* See Table 40 
































69. Twenty-five-cycle Reactance per Mile Stranded-copper Conductors Overhead Transmission Lines 

(From Nesbit, “Electrical Characteristics of Transmission Circuits”) 
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L Sixty-cycle Reactance per Mile Stranded-copper Conductors Overhead Transmission Lines 

(From Nesbit, “Electrical Characteristics of Transmission Circuits”) 
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60 cycle reactance x in ohms per mile of each conductor of a single-phase, two-phase or three-phase circuit. (See foot-notes) 

Distance D between centers of conductors* 

s !i1 

490 

494 

497 

500 

504 

508 

512 

517 

522 

527 

533 

536 

540 

543 

547 

551 

555 

559 

565 

570 

576 

582 

592 

600 

609 


33 

inches 

(83.8 

cm.) 

480 

483 

486 

490 

493 

498 

502 

506 

511 

516 

523 

526 

529 

532 

536 

.540 

544 

549 

.554 

.560 

565 

572 

581 

589 

598 

... 

30 

inches 

(76.2 

cm.) 

468 

471 

475 

478 

482 

486 

490 

495 

500 

505 

511 

514 

517 

521 

525 

528 

533 

537 

543 

548 

554 

560 

569 

578 

587 


27 

inches 

(68.6 

cm.) 

455 

459 

462 

465 

469 

473 

477 

482 

487 

492 

498 

501 

505 

508 

512 

516 

520 

524 

530 

535 

541 

548 

557 

565 

574 

_ .... 

24 

inches 

(61.0 

cm.) 

441 

444 

448 

451 

455 

459 

463 

468 

472 

478 

484 

487 

490 

494 

497 

501 

506 

510 

516 

521 

527 

533 

542 

550 

560 


. 21 
inches 
(53.3 
cm.) 

Sg§3§§ ISSSs 85188 SSiSI 


18 

inches 

(45.7 

cm.) 

406 

409 

413 

416 

420 

424 

428 

433 

438 

443 

449 

452 

455 

459 

463 

466 

471 

475 

481 

486 

492 

498 

507 

516 

525 

... 

15 

inches 

(38.1 

cm.) 

384 

387 

391 

394 

398 

402 

406 

411 

415 

421 

427 

430 

433 

437 

440 

444 

449 

453 

459 

464 

470 

476 

485 

493 

503 


12 

inches 

(30.5 

cm.) 

357 

360 

363 

367 

371 

375 

379 

383 

388 

394 

400 

403 

406 

410 

413 

417 

421 

426 

432 

437 

443 

449 

458 

466 

476 

■.. .. . 

10 

inches 

(25.4 

cm.) 

335 

338 

341 

345 

349 

353 

357 

361 

366 

371 

378 

381 

384 

388 

391 

395 

399 

404 

410 

415 

421 

427 

436 

444 

454 


8 

inches 

(20.3 

cm.) 

308 

311 

314 

318 

321 

326 

330 

334 

339 

344 

351 

354 

357 

360 

364 

368 

372 

377 

382 

388 

394 

400 

409 

417 

426 


6 

inches 

(15.2 

cm.) 

88688 88888 S88SS B8S33 83888 


4 

inches 

(10.2 

cm.) 

224 

227 

230 

234 

237 

241 

246 

250 

255 

260 

267 

270 

273 

276 

280 

284 

288 

293 

298 

304 

309 

316 

325 

333 

342 



sssks aasgg 83888 98888 


Out¬ 
side 
diam¬ 
eter in 
inches 

L .631 
1.590 
548 
504 
1.459 

412 

364 

315 

1.263 

.209 

.152 

123 

.093 

062 

.031 

.998 

.964 

.929 

.891 

.853 

.814 

.772 

.725 

.679 

628 


Num¬ 
ber of 
wires 

l-NN S N — -< w* *—i *4 r* »-t w* «■* hhhNN N. (3s (3» Ol 

cm cm cm in <n ci C3 os os a to«o «o ocooeon m eo —< —• 

Sise of conductor 

1 

lie 




Circular 

mils 

2,000,000 

1.900,000 

1,800,000 

1,700,000 

1,600,000 

1,500,000 

1,400,000 

1,300.000 

1,200,000 

1,100,000 

1.000,000 

950,000 

900,000 

850,000 

800.000 

750,000 

700,000 

650,000 

600,000 

550,000 

500,000 

450,000 

400,000 

350,000 

300,000 

























.514 



mn g 1 il 



1 if 
„ ! Jj 
* i si 

riff 

' .s ?! 
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61. Average 60-cycle Reactance of All-steel Amerductors, in Ohms per 
1,000 ft of Conductor at 68°F. 


Reactance,« ohms per 1,000 ft., for various loadings 


Size, 

B.w.g. 

Spacing 0 

between 

conductors. 

Three-wire strand, Type S-3 

Solid wire. Type S 


in. 













1 

3 

10 

15 

20 

1 

5 

10 

15 

20 



amp. 

amp. 

amp. 

amp. 

amp. 

amp. 

amp. 

amp. 

amp. 

amp. 


12 

0.22 

0.24 

0.28 

0.31 

0.35 

0.35 

0.50 

0.69 

0.84 

1.07 


24 

0.24 

0.26 

0.29 

0.33 

0.37 

0.37 

0.62 

0.71 

0.86 

1.09 

4 

36 

0.25 

0.26 

0.30 

0.34 

0.38 

0.38 

0.53 

0.72 

0.87 

1.10 


48 

0.25 

0.27 

0.31 

0.35 

0.39 

0.38 

0.53 

0.72 

0.88 

1.10 


60 

0.26 

0.28 

0.32 

0.36 

0.39 

0.39 

0.54 

0.73 

0.88 

1.11 


120 

0.27 

0.29 

0.33 

0.37 

0.41 

0.40 

0.56 

0.75 

0.90 

1.13 

' 12 

0.24 

0.28 

0.32 

0.36 


0.45 

0.62 

0.83 

1.06 


24 

0.26 

0.30 

0.34 

0.37 


0.46 

0.64 

0.84 

1.07 


0 

36 

0.27 

0.31 

0.34 

0.38 


0.47 

0.65 

0.85 

1.08 


•*8 

0.27 

0.31 

0.35 

0.39 


0.48 

0.65 

0.86 

1.09 



60 

0.28 

0.32 

0.36 

0.39 


0.49 

0.66 

0.86 

1.09 



120 

0.30 

0.33 

0.37 

0.41 


0.50 

0.67 

0.88 

1.11 



12 

0.27 

0.30 

0.34 



0.47 

0.70 

0.97 




24 

0.28 

0.32 

0.36 



0.49 

0.72 

0.98 



8 

36 

0.29 

0.33 

0.37 

.... 

— 

0.50 

0.73 

0.99 




48 

0.30 

0.33 

0.37 



0.51 

0.74 

1.00 




60 

0.31 

0.34 

0.38 



0.51 

0.74 

1.01 




120 

0.32 

0.36 

0.39 



0.53 

0.76 

1.02 




« See Table 40. 

62. Average 60-cycle Reactance of Steel-copper Amerductors in Ohms 
per 1,000 Ft of Conductor at 68°F. 


Size, A.w.g. 

Reactance, 0 ohms per 1000 ft., for various spacings 
between conductors 


12 in. 

24 in. 

36 in. 

48 in. 

60 in. 

120 in. 

2 

0.13 

0.15 

0.16 

0.17 

0.17 

0.19 

4 

0.13 

0.14 

0.13 

0.16 

0.16 

0.18 

6 

0.13 

0.14 

0.15 

0.16 

0.16 

0.18 

8 

0.13 

0.14 

0.15 

0.16 

0.17 

0.18 

10 

0.15 

0.17 

0.17 

0,18 

0.19 

0.20 

12 

0.17 

0.18 

0.19 

0.20 

0.20 

0.22 


* See Table 40. 
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63. 60-cycle Reactances of Copperweid-copper and Copperweld Conduc¬ 
tors, in Ohms per 1,000 Ft. of Each Conductor 


Conductor 

Distance between centers of conductors 0 

12 in. 

24 in. 

36 in. 

48 in. 

60 in. 

72 in. 

84 in. 

96 in. 

108 in. 


Composite Cables Copperweld—Copper Conductors 


2A 

0.121 

0.137 

0.146 

0.153 

0.158 

0.162 

0.166 

0.169 

0.172 

3A 

0.124 

0.140 

0.149 

0.156 

0.161 

0.165 

0.169 

0.172 

0.175 

4A 

0.127 

0.143 

0.152 

0.159 

0.164 

0.168 

0.172 

0.175 

0.178 

5A 

0.129 

0.145 

0.154 

0.161 

0.166 

0.170 

0.174 

0.177 

0.180 

0A 

0.132 

0.148 

0.157 

0.164 

0.169 

0.173 

0.177 

0.180 

0.183 

7A 

0.135 

0.151 

0.160 

0.167 

0.172 

0.176 

0.180 

0.183 

0.186 

8A 

0.138 

0.154 

0.163 

0.170 

0.175 

0.179 

0.183 

0.186 

0.189 

80 

0.138 

0.154 

0.163 

0.170 

0.175 

0.179 

0.183 

0.186 

0.188 

8D 

0.138 

0.154 

0.164 

0.170 

0.175 

0.180 

0.183 

0.186 

0.189 


0.144 

0.160 

0.169 

0.175 

0.181 

0,185 

0.188 

0.191 

0.194 


Copperweld Con due tors—3-wire Strands 


3 No. 8 A.w.r. 

0.137 

0 . 

153 

0.162 

0.169 

0.174 

0.178 

0.182 

0.185 

0.188 

3 No. 9 A.w.r. 

0.139 

0 . 

155 

0.164 

0.171 

0.176 

0.180 

0.184 

0.187 

0.190 

3 No. 10 A.w.r. 

0.142 

0 . 

158 

0.167 

0.174 

0.179 

0.183 

0.187 

0.190 

0.193 

3 No. 11 A.w.r. 

0.145 

0 . 

161 

0.170 

0.177 

0.182 

0.186 

0.190 

0.193 

0.196 

3 No. 12 A.w.r. 

0.147 

0 . 

163 

0.172 

0.179 

0.184 

0.188 

0.192 

0.195 

0.198 


Copperweld Conductors—Solid Wires 


No. 

6 A.w.r. 

0.144 

0.160 

" 

0.169 

0.176 

0.181 

0.185 

0.189 

0.192 

0.195 

No. 

7 A.w.g. 

0.146 

0.162 

0.171 

0.178 

0.183 

0.187 

0.191 

0.194 

0.197 

No. 

8 A.w.r. 

0.149 

0.165 

0.174 

0.181 

0.186 

0.190 

0.194 

0.197 

0.200 


Not®. —For description of composite cables refer to Div. 2. 
a See Table 40. 

60-cycle reactances for other spacing may be determined from the 
following formula: 

X, 2 + 0.05203 logic (4) 

where Xd * 60-cycle reactance in ohms per 1,000 ft. for a spacing of d 
inches; X 12 *■ 60-cycle reactance in ohms per 1,000 ft. for a spacing of 
12 in.; and d — spacing between centers of conductors, in inches. 
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66. Electrical Symbols for Architectural Plans. 4 * 


General Outlets 


Ceiling Wall. 

o -o 

Outlet. 

© -© 

Capped outlet. 

© 

Drop cord. 

© -© 

Electrical outlet—for use only when circle used alone might 

© -© 

be confused with columns, plumbing symbols, etc. 

Fan outlet. 

© -© 

Junction box. 

© -© 

Lamp holder. 

©,. -©„ 

Lamp holder with pull switch. 

© -© 

Pull switch. 

© -© 

Outlet for vapor-discharge lamp. 

© -® 

Exit-light outlet. 

© -© 

Clock outlet (lighting voltage). 

=© 

Convenience Outlets 

Duplex convenience outlet. 


Convenience outlet other than duplex. 1-single, 3-triplex, 

=0W* 

etc. 

Weatherproof convenience outlet. 


Range outlet. 

=©-$ 

Switch and convenience outlet. 


Radio and convenience outlet. 


Special-purpose outlet (description in specifications). 

© 

Floor outlet. 

$ 

Switch Outlets 

Single-pole switch. 

$2 

Double-pole switch. 

$3 

Three-way switch. 

$4 

Four-way switch. 

$D 

Automatic door switch. 

$E 

Electrolier switch. 

$K 

Key-operated switch. 

$P 

Switch and pilot lamp. 

$CB 

Circuit breaker. 

$WCB 

Weatherproof circuit breaker. 

$ MC 

Momentary-contact switch. 


* These symbols have been prepared by a technical subcommittee of the A.S.A., Com¬ 
mittee Z32, Standardization of Graphical Symbols and Abbreviations for Use on Draw¬ 
ings, and have been submitted for approval as an American Standard to replace the 
symbols shown in A.S.A. CIO—1924. 

The electrical symbols for architectural plans as finally approved by the A.S.A. as an 
American Standard will be announced by that body in due course of time. 
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$ RC Remote-control switch. 

$ WP Weatherproof switch. 


Special Outlets 

Any standard symbol as given above with the addition 
of a lower-case subscript letter may be used to designate 
Oa,b,c-etc. BO me special variation of standard equipment of particular 
=0..b. c-etc. interest in a specific set of architectural plans. 

$ a.b, c-etc. When used they must be listed in the Key of Symbols on 

each drawing and, if necessary, further described in the 
specifications. 



EEOEE 


<S) 

(m) 

<& 

csa 

tsa 


Panels, Circuits, and Miscellaneous 

Lighting panel. 

Power panel. 

Branch circuit—ceiling or wall. 

Branch circuit—floor. 

Note: Any circuit without further designation indicates 
a two-wire circuit. For a greater number of wires 
indicate as follows: - /// ■ ■ - (3 wires), » // ■ ■ // 
(4 wires), etc. 

Feeders. 

Note: Use heavy lines and designate by number corres¬ 
ponding to listing in Feeder Schedule. 

Underfloor duct and junction box—triple system. 

Note: For double or single systems eliminate one or two 
lines. This symbol is equally adaptable to auxiliary 
system layouts. 

Generator. 

Motor. 

Instrument. 

Transformer. 

Controller. 

Isolating Switch. 


Auxiliary Systems 
E Push button. 

Of Buzzer. 

□D Bell. 

“O Annunciator. 

*3 Telephone. 

Qo Telephone switchboard. 

[3 Clock (low voltage). 

0 Electric door opener. 

HD Fire-alarm bell. 

£2 Fire-alarm station. 
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QQ City fire-alarm station. 

[El Fire-alarm central station. 

0 Automatic fire-alarm device. 

0 Watchman's station. 

B Watchman's central station. 

0 Horn. 

0 Nurse's signal plug. 

0 Maid's signal plug. 

0 Radio outlet. 

fRI Signal central station. 

a Interconnection box. 

|i|i|i|i|i Battery. 

-Auxiliary system circuits. 

Note: Any line without further designation indicates a two- 
wire circuit. For a greater number of wires designate 

with numerals in manner similar to-12- 

#18W-%"C., or designated by number corresponding to 
listing in schedule. 

□«,b,c Special auxiliary outlets. 

Subscript letters refer to notes on plans or detailed 
description in specifications. 



INDEX 


A 

Absorption, characteristics of materials, 
1336 

definition, 1331 
Acceleration, motor, 717 
alternating-current, 753 
Acid, sulphuric, 526 
Adapter, fuse, 408-409 
Alarm, burglar, fittings, 1294 
systems, 1292 
Alignment, motor, 833 
Alley arms, 1022 

Allowance, for growth in design of circuits, 
318 

Alloys, physical characteristics, 250-252 
Alternating current, advantages, 307 
circuits, 56, 301 

conversion to direct current, 691 
definition, 21 
systems, 301 

Alternators (see Generators, a-c) 

Altitude, effect upon motors, 793 
Aluminum, cables, 146 
characteristics, 108 
comparison with copper, 170 
conductivity, 108 
stecl-reinforced cables, 146 
weight, 109 
wires, 108 

American screw gage, 562 
American wire gage, 100, 142 
Ammeters, for compound generators, 583 
use of, rules for, 70-71 
Amperes, definition, 20 ' 
in circuits, three-phase, 59 
three-wire, 306 
two-phase, 58 
distinction, from volts, 28 
explanation of, 20-22 
relation to coulombs, 21, 22 
Anchor rods, attachment, 1048 
guy, 1016 

Anchors, calking, 567 
expansion, 666 
expansive screw, 567 


Anchors, guy, 1049 
screw, 566 
Angle, of lag, 50 
of lead, 51 
phase, 46, 52 
Annunciator wiring, 1276 
Annunciators, 1289 
Antenna, lightning protection of, 425 
Apartment-house wiring, 1309 
Apparatus, connection to circuit, 304 
Appliance, definition, 1102 
Appliances, circuits required for, 1304 
disconnecting means, 1263 
grounding of, 1263 
heated, 1263 
installation, 1262 
protection, 1262 

provision for, in apartments, 1309 
in commercial buildings, 1312 
in public structures, 1312 
in residences, 1305 
ratings allowed on circuits, 1304 
signals for, 1263 
wiring, 1262 

Application, circuit breaker, 403 
electrical systems, 307 
fuse, 403 • 

gear motor, 642 
speed reducers, 642 
Armature, d-c, testing, 610 
heating, 611 
causes of, 600 
short, circuit, 701 
testing, d-c machinery, 608 
troubles, synchronous motor, 702 
windings, d-c generators, 574 
baking of, 708 

Armature coils, d-c generator, 574 
Arms, alley, 1022 
buck, 1022 
cross-, 1004 
double cross-, 1021 
reverse, 1022 

Armor, cable, 120, 123, 124, 186, 187 
rods, 1035 
tape, 190 
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Armor, wire, thickness, 190, 191 
Armored-cable wiring, 1105, 1159 
Arresters, lightning, 424, 426 
Asbestos cable insulation, 113, 114, 117, 
136 

Assemblies, multioutlet, 1211 
Atoms, electrical structure, 19, 20 
kinds, 20 
Autostarters, 762 
Autotransformers, 903 
connections, 956 
fluorescent lamp, 1382 

(See also Transformers, auto) 

B 

Balance coils, three-wire generator, 588 
Ballast, fluorescent lamp, 1383 
Batteries, caustic soda, 516 
cells of, 514 
classification, 514 
Danielle, 515 
definition, 514 
dry, 521 

Edison, care, 548 

charging, 544, 545, 546 
cleaning, 548 
description, 541 
explanation, 541 
laying up, 552 
maintenance, 548 
operation, 552 
putting out of service, 552 
rating, 543 

renewal of solution, 550 
specific gravity, 549 
temperature, 545 
types, 547 

voltage characteristics, 543 
watering, 548 
explanation, 514 
Fuller, 516 
gravity, 515 
Lalande, 516 
lead-acid, action, 526 
oare, 536 
charge, 526, 528 
charging, 533, 534 
cleanliness, 536 
discharge, 526, 528 
capacity, 530 
limits, 532, 538 
rate, 529, 530 
eleotrolyte, 526, 528 
explanation, 526 
gassing, 683 


Batteries, lead-acid, maintenance, 536 
putting out of service, 541 
rating, 530 

records of service, 540 
specific gravity, 526, 538 
temperature, 534, 535 
troubles, 540 
types, 535 

voltage characteristics, 528 
watering, 537 
Leclanch6, 521 
primary, 514, 515 
resistance, internal, 515 
secondary, 514 
storage, definition, 523 
explanation, 522 
gas from, 557 
danger from, 557 
installation, 553 
insulation, 553 
racks for, 558 
terminology, 523 
trays for, 555 
types, 514, 522 
voltage produced by, 26 
Bearings, d-c generator and motor, 600 
induction motor, 699 
lubrication, 704 
motor, 643 

selection of motor, 790 
synchronous motor, 702 
trouble with, 695, 699, 703 
Bedding, jute, thickness, 189 
Bedroom lighting, 1492 
Bells, electric, types, 1287 
wiring for, 1276 
Belt, aic of contact, 846 
drive, flat, design, 846 
V, design, 835 
Belts, application, 784, 785 
lacing of, 852 
length, 851, 852 
putting on, 853 
splicing, 852 
troubles, 854 
width, 850 

Bending conduit, 1148 
Bends, minimum radii for cables, 192,193 
Binding post, connecting lead wire to, 277 
Bit, steel fish, 1285 
Blade, switch, 364 
Blink test, 1454 
Blocks, 460 
Blowtorch, 262, 280 
Bolts, oarriage, 1002 
crossarm, 999 
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Bolts, double-arming, 999, 1001 
expansion, 566 
eye, 1000, 1001 
machine, 563 
toggle, 564 
Booster, cutout, 951 
Booster transformers, 946 
Boxes, classification, 485, 487 

conductors, number allowed in, 1219 
conduit function, 1139 
covers for, 485, 491, 1220 
dimensions, 487 

distribution, underground, 1067 
door, 503 

extension rings for, 486 
floor, 502 
hickey for, 1222 
installation, 489-502 
junction, 485, 487, 1139, 1178 
location, 1219, 1220 
mounting, 499, 500 
outlet, 485, 487, 1138, 1219 
dimensions required, 500 
electrical-metallic-tubing, 1169 
nonmetallic, 1131 
nonmetallic-Bheathed cable, 1172 
panel, 299, 444, 455 
conductors in, 1217 
pull, 1139 
service, 1067 
sizes required, 1219 
standard, table of, 487 
support of, 499, 500, 1221 
switch, 485, 486, 489, 1130 
types, 485, 487 
utility, 486, 488 
wiring, supports for, 499, 500 
Braces, alley-arm, 1008 
crib, 1022 
crossarm, 1006 
pole, 1054 
Brads, 557, 559 

Braids, cable, 120, 121, 186, 187 
thickness, 188, 189 
Branch circuits (see Circuits, branch) 
Breakers, circuit, 403, 417 
^dimensions, 438, 439 
^enclosed, 762 
motor starting, 762 
space required, for, 438, 439 
Breaking strength, cable (see Cables, 
breaking strength) 

Bridge, slide-wire, 82 
Wheatstone, 81-85 
Brightness, 1347-1350 
Brown and Sharpe wire gage, 10Q, 142 


Brushes, adjustment, 597 
care, 597 
chattering, 620 

d-c generators and motors, 597 
glowing, 611, 619 
pitting, 611, 619 

shift for d-c motors and generators, 612 
sparking, 618 
synchronous motor, 702 
troubles with, 618 
Buck arms, 1022 
Building wire, 125 
Buildings, rewiring, 1302 
Burglar alarm, fittings, 1294 
systems, 1292 
wiring, 1276 
Bus bars, data, 162 
sections of, 144 
spacings, 65 

Bushings, antishort insulating, 1160 
conduit, 1133 
insulating socket, 507 
Bus-way wiring, 1107, 1190 
Buss-wa, 1190 

C 

Cable, AC and ACL, 235-237 
aeiial, installation, 1042 
annunciator, 127 
armor, 120, 123, 124, 186, 187 
armored, building, 127, 200, 201, 235- 
237 

connectors for, 1161 
cutting, 1160 
installation, 1159 
oval, 1188 

protection of ends, 1160 
support, 1159 
wiring with, 1159 
arranging in manholes, 1075 
assemblies, 105, 109, 194-207 
binder tapes, 111 
building, 234-237 
buried directly in ground, 1075 
BX and BXL, 127 

cellulose-acetate insulated, 114, 119,136 
clamps, 1115 

conduit sizes for, 1542-1544 
cotton-yarn insulated, 114, 118, 135 
coverings, protective, 186, 187 
thickness, 188-191 
data, list of tables, 139-141 
definitions, 98 

diameter, method of determining, 136, 
147 
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Cable, dimensions, list of tables, 139-141 
for direct burial in earth, 129, 204, 205 
enamel insulated, 114, 119, 135 
faults, locating, 83, 84 
fiber glass insulated, 114, 119, 136 
fillers, 110 
finishes, 120, 122 
flexible cord, 134 
gage table, 142 
grips, 1071 

grounds, testing for, 83-88 
installation in conduit, 1154 
insulation, 111-119 
jacket, 274 
joints, 1124 
aluminum, 288 
bare copper, 284 
cleaning wire ends of, 256 
copperweld, 288 
covered wires, 287 
insulation, 252-263 
removing, 254 
portable, 264-273 
protection of, 253 

removing covering, 253 
soldering, 262 
steel cable, 288 
vulcanizing. 273-277 
lugs, 277 
messenger, 1042 

non metallic sheathed, building, 126, 
200, 235, 1042 
office, dampproof, 127 
patching jacket, 275 
pulling in, 1071 

saturants for coverings, 120, 122 
service, 299 

sheaths, 120, 122, 123, 186, 187 
shielding, 110 

silk insulated, 114, 119, 136 
splices, 1124 
splicing, 256-291 
stranding, aluminum, 171, 172 
copper, 148-155 
support, 1123 

in manholes, 1073 
synthetic insulated, 114, 118, 136 
taps, 258-261 
terminal connections, 252 
terminals, 277-283 
tin dng, 278 

testing insulation resistance, 85 
types, 194-207 
underground. 1054 
Cables, aerial, 128, 203, 204 
aircraft, 134 


Cables, aluminum, 106, 108, 146, 171, 172 
application, 109, 112, 144, 147, 166 
area, rubber covered, braided, 1545 
leaded, 1546 

thin-wall insulated, 1547 
area allowed in conduit, 1544 
arrangement in manholes, 1075 
asbestos, insulated, description, 113, 
114, 117, 136, 197 

varnished-cambric-insulated, data, 
232-233 

description, 114, 118, 197 
automotive, 134 
bare, 103 

bending radii, minimum, 192, 193 
borehole, 131, 206 
braids, 186, 187 

breaking strength, aluminum bare, 171 
steel-reinforced, 172 
copper bare, solid, 156 
stranded, 158 
trolley, 160 
copper-steel, 170 
copperweld, 165, 168, 169 
iron, 163, 164 
steel, 163, 164 
bronze, 106 

building, 125, 126, 127, 200, 201 
building-risei, 131 

characteristics, comparative, of alumi¬ 
num and copper, 170 
classification, 102-125 
conductors, number of, in, 99, 109 
conduit, number allowed in, 1542-1544, 
1546-1548 

control, 131, 206, 207 
copper bare, solid, 156 

stranded, 148-155, 158, 159 
grades of, 106 
make-up, 105, 107, 144 
copper-steel, 106, 107, 146, 169, 170 
copperweld, 108, 146, 164-169 
covered, 103 

coverings, protective, 119-124 
current-carrying capacities, 315, 1537- 
1541 

data, list of tables, 140 
dead ending, 1115 
definitions, 98 
diameter, formula for, 147 
rubber covered, 1545, 1546 
thin-wall insulated, 1547 
dimensions, list of tables, 140 
ducts, number in, 1549 
electric transportation equipment, 132 
finishes, 133 
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Cables, fixture, 133 
flexible cord, 237, 241, 1216 
general purpose power, 125, 194-200 
heat resisting, 103, 104, 115, 117 
insulated, definition, 103 
insulation, application of different, 112 
thickness, 126 
foi asbestos, 183 

for asbestos varnishcd-cainbiic, 183 
for paper, 176-182 
for rubber, 174, 176-181 
for varnished-cambric, 175-182 
inteiior wiring, approved types, 1113 
iron or steel, 106, 107, 145, 146, 163, 164 
jute servings for, 186, 187 
lead sheath for, 186, 187 
location in ducts, 1074 
magnet (see Wires, magnet) 
make-up, 105, 144 
materials for, 105, 144—147 
mine-shaft, 131, 206 
multiconductor, 99, 109 
N.E.C. coding, 125 
network, 130 
oil-burner ignition, 132 
parkwav, 129, 197 
paper insulated, data, 221-230 

desciiption, 113, 116, 136, 198-200 
pole and bracket, 130 
portable power, 132, 207 
power, 125, 194-200 
radio, 134 

reactance table, for all steel, 1590 
for aluminum, 1592-1599 
for eoppei, 1580-1589 
for copper weld, 1591 
for steel-copper, 1590 
resistance table, for aluminum 1578- 
1580 

for copper, solid, 156, 1572, 1573 
stianded, 1574 
trolley, 160 
eopperweld, 169, 1577 
steel, 164, 1577 
steel-copper, 169, 1577 
rubber insulated, data, 212-215 
description, 111, 112, 113, 194, 195 
saturants, 187 
series lighting, 182 
service, 127, 201, 202, 1174 
shielding practice, 184 
shipboard, 135 
sign, gas-tube, 132 
sise, determination, 348 
slow-burning, data, 210 
description, 103, 104, 194 


Cables, slow-burning, weatherproof, data, 
210 

description, 103, 104, 112, 194 
small-diameter insulated, 126 
soldering, 262, 278, 279 
solid, 105, 144 
splicing, 262-277 
steel, 107, 163, 164 
stianded, 105, 144 
stxanding of, data, 148-155 
definition, 98 
practice, 144-154 
street-lighting, series, 130 
submarine, 131, 206 
support, 1118 
telephone, 134 

ahd telegraph, 107 
tempeiature, safe, 112, 315, 1113 
tensile strength, eopperweld, 165 
trolley, 160 
terminology, 98 
trolley, 144 
trolley-wire, 160 
underground, 129, 204, 205 
varnished-cambric-insulated, data, 216- 
219 

description, 113, 114, 117, 136, 195, 
196 

voltage range, 184 

weatherpi oof, 103, 104, 112, 194, 210- 
212 

weights, list of tables, 140 
x-ray, 132 

(See also Conductors; Wiies) 
Calculations, circuit, 314-357 
voltage-drop, 333-346 
Candle power, definition, 1335 
distribution curves, 1343 
explanation, 1339 
mean horizontal, 1342 
mean spherical, 1342 
Canopies, 1220 
('ant-hook, 1024 
Capacitance, 50, 51 
Capacitor, fluorescent lamp, 1381 
power, 509 

Capacity, current -carrying, general, 315 
gutter wires, 1225 
Caps, receptacle, 482 
Capstan, manhole, 1073 
Cells, battery, 514 
caustic-soda, 516 
Daniell’s, 515 
dry, 521 
Fuller, 516 
gravity, 515 
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Cells, Lalande, 510 
Leclanch6, 521 
storage, 522 

(See also Batteries, cell) 

Cellular-metal-floor-raceway wiring, 1108 
Cellulose-acetate cable insulation, 114, 
119, 136 

Cement, rubber, 263, 266 
Center, distribution, 299 
load, circuit, 333 
Centigrade scale, 12 
Chain drive, 784, 786 
Charges, annual, 354 
Chimes, electric, 1287 
Choke transformer, 949 
Circuit, branch, description, 298 
Circuit breakers, auxiliary, 417 
compound generator, 583 
description, 403, 417 
dimensions, 438 
distribution, 1087 
motor-starting, 762 
primary, 417 

protection, of circuits with, 873 
of motors with, 864, 869, 873 
secondary, 417 

size for circuit protection, 1215 
sizes, standard, 1550 
space required, 438 

Circuits, allowance for growth, 318, 1312, 
1315 

alternating-current, in conduit, 1217 
power relations, 41 

single-phase, production of e.m.f., 56 
relation of quantities in, 56, 57 
three-wire, 301-308 
three-phase, delta, 60 

power measurement, 77, 78 
relation of quantities in, 59-63 
size, 59 

three-wire, 301-308 
two-phase, power measurement, 77 
relation of quantities in, 57, 58 
annunciator, 1289 

appliance, N.E.C. requirements, 1262, 
1304 

provision for, in apartments, 1309 
in commercial buildings, 1312 
in public structures, 1312 
in residences, 1305 

arrangement, 296, 299, 1304, 1309, 1318 
bell, 1276 

branch, appliance, 1262, 1304 
definition, 298 
dwelling, 1308 


Circuits, branch, lighting, for apartments, 
1309 

calculation, of load, 319, 320 
of voltage drop, 333 
for commercial buildings, 1313 
for public structures, 1313 
for residences, 1308 
N.E.C. classification, 1304 
size of wire for, 348 
motor, calculation, of load, 330 
of voltage drop, 333 
protection of, 873, 1535 
requirements for, 863 
several motors on one, 869 
short-time duty, 1534 
tables, 1552 
calculation of, 314 
capacitive, angle of lead, 51 
characteristics of, 48 
combined motor and lighting, 332 
comparison, 307 

component parts of branch motor, 863 
convenience outlet (see Circuits, ap¬ 
pliance) 

current-carrying capacity, 315, 1304, 
1537-1541 
design, 314 

determining length, 353 
direct-current, power measurement, 75 
relations, 40 
three-wire, 301 
two-wire, 301 
distribution system, 1075 
divided, 296 

faults, testing for, 86-92 
feeder, definition, 298 

lighting, calculation, of load, 323 
of voltage drop, 333 
for apartments, 1311 
for commercial buildings, 1315 
for public structures, 1315 
for residences, 1306, 1308 
motor, calculation, of load, 320, 330 
of voltage drop, 333 
protection, 877 
field, testing of, 608 
fluorescent lamp, 1382 
grounding of, 1226 
grounds, testing for, 83-88 
high-voltage, 1259 
hydraulic analogy, 26 
inductive, angle of lag, 50 
insulation resistance, 73-75, 1218 
lengths, determining, 353 
lighting, classification of, 1304 
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Circuits, lighting, minimum allowable 
loads, 320 

(See also Circuits, branch and feeder) 
load, calculation of, 319-332 
lead center, 333 
location on poles, 1028 
loop, 301 
low-voltage, 1261 
main, 298, 320-326, 330 
mechanical-strength requirements, 316 
motor, switches for, 871 
wiring tables for, 877 

(See also Circuits, branch and 
feeder) 

multiple, 294, 1217 
network, 301, 1084 
nomenclature, 294 
open, testing for, 86, 88 
parallel, 294, 1217 
parallel-series, 295 
phasing out, 629 
power loss in, 63, 354, 356 
protection of, 402, 873, 1215 
radial, 300 
radial group, 300 
radial tiee, 301 
remote control motor, 876 
resistance, to alternating current, 48 
of parallel, 296 
ring, 301 

secondary, wound-rotor motor, 1534 
series, definition, 294 

street lighting, 1090, 1509 
series-parallel, 296 
single-phase, 56, 76, 301 
size of wire, 315, 316, 317, 348, 1215 
switches, 871, 875 
tap, 299 

test, closed circuit, 60 
voltage, 66-70 
types of, 294-296 

voltage-drop, calculations, 333-346 
permissible values, 317, 1562 
voltages for, 312 

wire size determination, 348, 876 
(See also Systems) 

Circular mil, explanation, 34 
Circular mil-foot, 35 
Clamps, cable, 1115 
elbow, 1157 

flexible metallic-conduit, 1157 
ground, 1235 
guy, 1019, 1048 
Newberry, 270-272 
Cleaning, motor, 707 


Clearance, electrical, bus-bar, 65 
equipment, 1223 
link fuses, 404 
switchboards, 431 
wires, distribution, 1030-1033 
Cleats, dead ending, 1115 
wiring, 475, 479 
Clevises, 1012, 1013, 1016 
Code, National Electrical, wiring, 1102 
National Electrical Safety, 984 
Coefficients, temperature, resistance, 36 
Coil, armature, description, 574 
grounded, 610 
reversed, 611 
crossed leads, 611 
shading, 684 
Coils, armature, 588 

balance, three-wire generator, 588 
field, d-c generator and motor, 600 
heating, 608 
Color, of light, 1330 
of lighted objects, 1337 
Commercial building wiring requirements, 
1312 

Commutating-pole, action of magnetic 
flux in, 586 

determination of polarity, 587 
explanation, 584 
object, 585 
Commutation, 611 
Commutators, blackening, 614 
care, 597, 611 
correcting roughness, 618 
glowing, 611 
grinding, 614 
heating, 613 
high mica, 618 
loose rings, 616 
loose segements, 613 
lubrication, 620 
pitting, 611 
rough, 613 
slotting, 616 
sparking, 613 

Compass, showing direction of current 
flow, 30 

testing polarity of poles, 607 
Compensators, connections for, 957 
description, 762 

Concealed knob and tube wiring, 1104 
Concentric lay cable, 99 
Concentrio strand, 99 
Concrete, in underground conduit work, 
1064 

poles, 991 
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Condenser, control of acceleration with, 
727, 734 

synchronous, 675, 682 
Conductance, 23 

Conductivity, aluminum, 108, 170 
copper, 23, 170 
copperweld, 164 
definition, 23 
percentage, 23 
Conductor, definition, 98 
economy, 354 
ground, 1231, 1233, 1235 
Conductors, a-c system, 1217 
bare, interior wiring, 1210 
collector, crane, 1252 
copper, 106 
copper-steel, 107 
crane, 1251 
dead ending, 1115 
different system, 1217 
drawing into conduit, 1154 
electrical, definition, 22, 98 
gaseous discharge sign, 1270 
insulation, 111—119 
approved, 1113 
iron or steel, 107 
make-up table, 105, 109, 144 
multiple, connection of, 1217 
number in cables, 99, 109 
number allowed, in box, 1219 
in conduit, 1542-1548 
outlet, 1217 
panel box, 1217 

protection of {see Circuits, protection) 
resistance table, aluminum, 1578 
average, 1571 
copper, solid, 1573 
stranded, 1574 
copper-steel, 1577 
copperweld, 1577 
steel, all, 1577 

service, definition, 127, 299, 1240 
installation of, 1240 
use, in commercial buildings, 1316 
in dwellings, 1306, 1309 
service-drop, 127, 299 
service-entrance, 127, 299 
sign wiring, 1269-1272 
signal wiring. 1278 
size, required, 1215 

secondaries of wound rotor motors, 
1534 

short-time duty motors, 1534 
splicing, 1217 
stranding date, 148-155 
stranding practice 152 


Conductors, support for, 1118, 1123 
vertical, 1147, 1218 
temperature, safe, 112, 315, 1113 
terminal connections, 277-283 
vertical in conduit, 1147 
{See also Cables; Wires) 

Conduit, area of, 1545 

for conductors in, 1544 
asbestOB composition, 1057 
benders, 1149 
bending, 1148 

place of elbows, 1148 
bushings, 1133 
clearances, 1136, 1138 
composition, 1057 
concrete, 1058 
concrete building, 1146 
continuity, 1220 
couplings, 1132 
cutting, 1152 
diameter, 1545 
elbows, 1132 
fiber, 1055 

fireproof building, 1146 
fishing wire in, 1153 
fittings, 1140 
flexible, 1158 
metallic, 1156 
Greenfield, 1157 
hickeys, 1149 
installation, 1141 
iron, rigid, 1132 
Ivorduet, 1057 
locknuts, 1135, 1138 
nipples, 1135, 1138 
number of conductors in, 1542-1548 
reaming, 1152 
iigid metal, 1132 
iuiis, 1141 
size requiied, 1138 
spacings, 1136, 1138 
straps, 1141 
support, 1141, 1142 
threading, 1151 
thieads, 1133 
tile, 1056 
Transite, 1057 

underground installation of, 1059 
types, 1055 

use with knob and tube wiring, 1125 
vise, 1150 

wire drawing in, 1154 
wiring, 1104 
wood, 1055 
wrenches, 1151 
Condulets, 1140 
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Connections, cable-terminal, 282 
Connectors, armored-cable, 1161 
box. 1188 
cable, 286 
copper, 252 
flexible-conduit, 1158 
pressure, 1102 

solderless, 277, 280-283, 1102 
Conservator, 889 
Contact resistance, 39, 364 
Contactors, accelerating, 722 
counter-e.m.f., 731 
inductive-time, 722 
lockout, 715, 729 
magnetic, 714 
series, 715, 729 
shunt, 715 

Contacts, switch, 364 
Continuity, test for, 90 
Control, motor, acceleration, 717 
across-the-hne, 717, 753 
alternating-current, methods, 753 
comparison of, 754 
automatic, 717 
aiitotransformer, 753 
compensator, 753 
condenser, chaige, 717, 727 
counter-e.m.f., 717, 731 
current limit, 717, 729 
direct-current methods, 736 
field, 743, 775 
field-relay, 751 
frequency, 717, 734 
hand, 717 
magnetic, 717 
manual, 717 

methods, alternating-curient, 753 
general, 717 

neotime current, 717, 727, 734 
overload protection 716 
plugging, 723 

piotection, undervoltage, 738 
reactor, 753 
reduced voltage, 753 
resistor, 753 
starting, 717, 736’ 
terminology, 708 
time-current, 717, 731, 734 
time-limit, 717 

across-the-line, direct-current, 737 
alternating-current, 756 
Controllers, alternating-current, polyphase, 
commutator, brush shifting. 774 
squirrel-cage induction, automatic 
start, 770 
general, 756 


Controllers, alternating-current, squirrel- 
cage induction, multispeed, 769 
synchronous, 775 
wound-rotor, general, 770 
polyspeed, 774 
single-phase, capacitor, 778 
repulsion, 778 
repulsion-induction, 778 
repulsion Btart, 778 
series, 778 
shading pole, 778 
armature, 756 
and field, 748 
autotransformer, 762 
automatic start, 770 
brush-shifting polyphase induction, 774 
classification of, 714 
combination, 761 
compensator, 762 
condensei charge, 727 
contactor, 714 
counter-e.m.f., 731, 752 
cm rent-limit, 729, 752 
dial, 771 

direct-current, 736 
diiptight, 712 
drum, 741, 746, 769, 773 
dusttight, 713 
enclosures for, 712 
face plate, 771 
field, 744 
frequency, 734 
Fynn-Weichsel, 778 
general-purpose, 712 
hand, 714, 717 
hazardous locations, 713 
inductive-time-limit, 721 
location, 863 
machine tool, 746 
magnetic, 765 
across-the-line, 759 
autotransformer, 762 
compensator, 762 
condenser charge, 727 
counter-e.m.f., 731, 752 
current-limit, 729, 752, 774 
frequency, 734, 774 
neotime current, 734 
resistor, 751, 769 
time-current, 731, 752 
time-limit, 718 

manual, a-c, polyphase, squirrel-cage 
induction, 756, 769 
synchronous, 775 
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Controllers, manual, a-c, polyphase, 
squirrel-cage induction, 
wound-rotor, general, 770 
poiyspeed, 774 
single-phase, capacitor, 778 
repulsion-induction, 778 
repulsion start, 778 
series, 778 
shading pole, 778 
d-c, compound, 736, 737 
series, 736, 737 
shunt, 736, 737 
multiple switch, 742 
multispeed, 769 
neotime current, 7§4 
overload protection, 740, 764 
reactor, saturable, 776 
reduced voltage, 762 
resistance, 767, 769, 771, 776 
reversing, 761 
rheostat, 737, 738, 771 
saturable reactor, 776 
semimagnetic, 714 
service classification, 711 
single-phase, 778 
speed, d-c, 743-750 
submersible, 713 
synchronous, 775 
terminology, 708 
time-current, 731, 752 
time-limit, 717 
watertight, 713 
weather-resisting, 712 
wound-rotor, 770 

Convenience outlets, wiring, armored 
cable, 1161 

cellular-metal-floor-raceway, 1205 
conduit, 1138 

flexible-metallic conduit, 1159 
knob and tube, 1129 
metallic tubing, 1169 
nonmetallic-8heathed cable, 1170 
rigid conduit, 1138 
surface-metal-raceway, 1162 
underfloor raceway, 1182, 1184 
(See also appliances) 

Conversion from alternating-current to 
direct-current, 691 
Converters, synchronous, 692 
transformers for, 952 
Oooper-Hewitt lamp, 1387 
Copper, bus bar, 162 
cables, 144 

(See alto Cables, copper) 
characteristics compared to aluminum, 
170 


Copper, economics of, 307 
grades, 106 
rod, 163 
soldering, 262 

square or rectangular section, 105 
tubing, 160, 161 
Copperweld, application, 166 
cables, data, 164-169 
general, 146 
wires, 108 
Cord, definition, 99 

fastening in sockets, 1216 
flexible, 134, 238, 1216 
appliance, 1263 
application of, 1216 
data, 238 
description, 134 
suppoiting drop, 1123 
Cotton cable insulation, 114, 118, 135 
Coulomb, explanation, 21 
relation to ampere 21, 22 
Couplings, Erickson, 1132 
Coverings, protective, cable, 119-124, 186, 
187 

Covers, box, wiring, 485, 491 
manhole, 1067 

Cranes, cab-switch for, 1257 
conductors foi, 1252 
insulators for, 481 
motors, protection, 1258 
trolley rails for, 1252 
trolley wiie for, 1251 
wires, size, 1258 
wiring, 1251 

Ciossarms, alley, 1008, 1022 
assembly, 1021 
braces, 1006 
buck, 1022 
double, 1021 
gains for, 1024 
guying, 1054 
mounting, 1021 
revei se, 1022 
side, 1022 
steel, 1006 
supporting, 1021 
wooden, 1004 

Crystals, production of voltage, 26 
Current, a-c, average value, 47 
effective value, 47 
instantaneous values, 45 
maximum value, 47 
wave form, 44 
blocked rotor, 649 

carrying capacity of wires, 315, 1215, 
1537, 1541 
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Current, density, bus bars, 38 
contact, 38 
conversion factors, 4 
determining direction with compass, 30 
electric, effects of, 28 
explanation, 20 
symbols for direction, 30 
types, 21 
unit, 20 

mean annual, 356 
measurements, 70, 71 
motor-starting, 330, 649, 650 
relation, to impedance, 52 
to resistance, 31 
to voltage, 31 
single-phase, 56 
three-phase, 59-63 
two phase, 57 

Currents, distribution panel, 321-323 
fusion, for wires, 405 
lighting branch ciicuits, 319 
feeder circuits, 323, 326 
main circuits, 323, 326 
motor, branch circuits, 330 
feeder circuits, 330 
starting, 330, 649, 650, 653 
Cutout, blocks, 460 
booster, 951 
film, 1509 
oil-fuse, 416 
thermal, 416, 716 
Cutting, armored cable, 1160 
conduit, 1152 
flexible conduit, 1158 
metal raceway, 1165 
Cycle, 44 

D 

Dead ends, 1037 

Decimal equivalents, of fractions, 5 
Degrees, electrical, 45 
Delta connections, 59, 60 
Demand factors, electric range, 1527 
explanation, 323 
lighting load, 1528 
maximum, 323, 331 
motor, 1530 

Derricks for pole setting, 995 
Detectors, 92 
Devices, protective, 401 
Diagram, Mershon, 340, 343, 1571 
Dielectric fields, production of voltage, 26 
strength, definition, 64 
tests of oil, 972 


Direct current, definition, 21 
systems, 301 

Discounts, figuring, method, 7 
table, 8 

Distribution, center, 299 
comparison of overhead and under¬ 
ground, 1078 

curves, candle power, 1343 
design of installations for, 1075 
overhead, comparison with under¬ 
ground, 1078 
types of, 984 
systems, 312 

transformer connections, 1026 
underground, 1054, 1078 
voltages for, 312 
Drilling plaster of Paris, 1327 
Drip loops, 1124 
Drive, belt, description, 784 
flat, 846 

horsepower limits, 785 
V-, 835 

chain, 784, 786, 862 
choice of, 780, 783 
conditions affected by, 780 
connection of, 784 
cost, initial, 780 
operating, 781 
direct coupling, 784 
factors affecting, 780 
gear, 784, 854 
group, 780 

individual motor, 780 
line shaft, 780 
mechanical connection, 784 
methods of motor, 780 
motor, design, 779 
mounting, 790 

production as affected by, 781 
selection, 780, 783, 786, 787 
working conditions affected by, 782 
Drop factor, 340 
alternating current, 1570 
service, 299 

voltage, calculation, 333 
distribution, 1562 
Dry cell, 521 

voltage produced by, 26 
Ducts, arranging cables in, 1075 
asbestos composition, 1057 
cable location in, 1074 
composition, 1057 
concrete, 1058 
curves in runs, 1079 
fiber, 1055 
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Ducts, installation of, 1050 
iron pipe, 1056 
layout of runs, 1078 
lines, installation, 1059 
types of, 1054 

maximum cable size in, 1549 
multiple, 1056 
pulling in cable, 1071 
rodding, 1071 
tile, vitrified, 1056 
wood, 1055 

E 

Edison cell, 541 
Edison Electric Institute, 984 
Effects of electric current, 28-30 
Efficiency, definition, 42 
Elbows, conduit, 1132 

electrical-metallic tubing, 1169 
Electric circuits (see Circuits) 

Electric systems, 301 
Electrical-metallic tubing, 1105, 1167 
symbols for architectural plans, 1600 
circuit, diagrams, 12 
Electricity, explanation, 19 
unit of quantity, 21 
Electrode, grounding, 1234 
Electrolyte, 514, 522 
Electromagnet, 19, 29 
Electromagnetic induction, classification, 
23 

direction of voltage, 24 
magnitude of voltage, 25 
Electromotive force, counter, 653 
definition, 20 
magnitude, 25 
methods of producing, 23 
production by chemical action, 26 
by crystals, 26 
by dielectric fields, 26 
by electromagnetic induction, 23 
by friction, 26 

i ule for determining direction, 24 
single-phase, production of, 56 
of three-phase, production of, 59-6] 
of two-phase, production of, 57 
unit, 23 

Electron, sise of, 20 
weight, 20 
Electron theory, 19 
Electrons in matter, 19 
Elevation, equipment, 1224 
E.M.F. (see Electromotive force) 

Enamel wire. 114, 119, 135 


Energy, conversion factors, 3 
definition, 41 
electrical, 20 
explanation, 41 
loss, calculation of, 354 
transformation, 20, 27, 41 
units, 42 

Entrance, service, 1236 
Equalizer, d-c generator, 581 
Equipment, elevation, 1224 
grounding, 1226 
service, 1236 
Erickson coupling, 1132 
Excitation, a-c generators, 627 
d-c generatois, 574 
Expansion, anchors, 565 
bolts, 565 
screws, 565 
shields, 565, 568 
sleeves, 565 

Extension, bit holdei, 1325 
rings, outlet box, 486 
wiring, 1187 

Eyebolts, general purpose, 1000, 1001 
manhole, 1073 
Eyes, lag-screw, 1003 
structuie, 1452 

F 

Factors, conversion, 2 4 
drop, 340 

maximum demand, 323, 331 
Fahrenheit scale, compared to Centigrade, 
12 

Farad, definition, 51 
Feeders, bare-conduct or, 1108 
circuit, 298 

combination powei and lighting, 1079 
definition, 298 
distribution, 1077 
layout, 1318 
maximum load foi, 1318 
motor, 877 
Fiber conduit, 1055 

glass cable insulation, 114, 119, 136 
Field, magnetic, 18 
Fillers, cable, 110 
Finishes, cable, 120, 122, 187 
Fire-alarm circuits, 1289, 1291 
Fish plugs, 1159 
Fish wire, 1159 
Fittings, burglar-alarm, 1294 
conduit, 1140 
threadless, 1140 
underfloor raceway, 1177 
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Fittings, wiremold, 1164 
Fixtures, outlets for, 1129 
studs for, 1222 
support, 1208, 1222 
testing of wiring, 91 
Flashers, 1268, 1273 
Flex-A-Power, 1191 
Flexible cords, 134, 238, 1216 
Flexible metallic conduit, connectors, 1158 
cutting, 1158 
installation, 1157 
reaming, 1158 
sixes, 1157 
support, 1157 
wiring, 1156 

Flicker, fluorescent lamp, 1380 
Floodlighting, 1512 
Floor chisels, 1326 
Florduct, 1163 
Fluorescent chemicals, 1377 
Fluorescent lamps, 1376 
Flush plates, 497 
Flux, light, 1337 

magnetic, commutating pole, 586 
definition, 19 

produced by electric current, 30 
soldering, 262 

Foot-candle, definition, 1335 
explanation, 1339 
meter, 1346 

Foundations, generator, 832 
motor, 832 

Frequency, changer, 637, 693 
control, 717 
definition, 45 
selection, 310 
standard, 310 

Friction, production of voltage by, 26 
Fuller cell, 516 
Fuse, adapter, 408 
Fuses, blowing characteristics, 408 
boric acid, 416 
cartridge, 406 

and circuit breaker oompared, 403 
classification, 403 
clearance for, 404 
copper link, 404 

determination of sise, 402, 873, 1215, 
1535, 1536 
dimensions, 406 
distribution system, 1087 
Edison, 408 
enclosed, 406 
high-voltage, 416 
link, 404 

nonrenewable, 406 


Fuses, oil cutout, 416 
plug, 408 

plug easing for, 409 

protection, of branch motor circuits, 873 

of motor feeders, 864 

ratings, 406, 408, 1550 

and relays and releases, compared, 423 

renewable, 407 

standard, 716 

sise, 406, 408, 1550 

tamper-resisting, 408 

time-lag, 409, 716, 866 

transformer, 964 

types, 403 

Fusing of circuits, 402, 864, 873, 1215, 
1535, 1536 

G 

Gage, wire and sheet-iuetal table, 142 
Gages, names and uses, 100 

method of remembering American wire 
gage, 101 

wire measuring, 101 
Gain, pole, 1024 
Gang, 486, 488 
Gear drive, 784, 786 
Gears, data, 860 
dimensions, 858 
formulas, 861 
motor, 854 
pitch, 857, 861 
Generators, a-c, defects, 694 
efficiency, 626 
excitation, 627, 632 
faults, 694 

field-current adjustment, 622 

frequency, 622 

hunting, 634 

induction, 636 

inductor, 637 

load division, 632 

parallel operation, 628, 631, 635 

phasing out, 629 

ratings, 626 

shutting down, 636 

single-phase, 56, 623 

speeds, 622, 623 

starting, 635 

surging, 634 

synchronising, 628 

synchronous, 621 

three-phase, 59-61, 625 

troubles, 694 

two-phase, 57, 624 
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Generators, a-c, types, 021 
voltage, 621 
bearing troubles, 703 
d-c, armature, coil reversed, 611 
heating, 611 
open, 609 
short circuit, 610 
testing, 608 
windings, 574 
bearings, 600 
brushes, adjustment, 597 
care, 597, 611 
shift, 612 

(See also Brushes) 
commutation, 611 
commutating poles, 584, 590 
commutating pole flux, 58G 
commutators, blackening, 614 
care, 597, 611 
grinding, 614 
heating, 613 
loose segments, 613 
sparking, 613 

(See also Commutators) 
compound, 574, 579 
crossed-coil leads, 611 
cumulative, 579 
defects, 598-621 
difference from a-c, 574 
differential, 579 
diverter pole, 592 
division of load, 582, 584 
efficiency, 595 
equalizer for, 581 
excitation, failure, 605 
methods, 574 
faults, 598-621 
field open, 608 
field windings, 574 
fiat-compound, 579 
flexarc, 595 
glowing, 611 
ground, 610 

heating of field coils, 608 
interpoles, 584 
long shunt, 580 
neutral point, 587 
operation, 583 
overcompound, 579 
parallel operation, 579, 581-583, 
588-590 
pitting, 611 

polarity, of commutating poles, 587 
testing, 591, 607 
poles, 580 
rating, 595 


Generators, d-c, separately excited, 575 
series excited, 574, 576 
shunt, 581 
short shunt, 580 
shunt, 574, 576 
shutting down, 583 
sparking, 609 
speed troubles, 602 
starting, 583 
third brush, 591 
three-wire, 588 
troubles, 598-621 
voltage generated, 575 
elementary, a-c, 24 
d-c, 25 

foundations for, 832 
insulating materials for, 647 
measurement of insulation resistance, 
74 

voltage, effect of change, 311 
welding, 595 
Gin-pole, 994 
Glare, definition, 1347 
• eliminition, 1454 
Glass, fiber, 119, 136 

Glowing, d-c generators and motors, 611 
Graph, candle-power distribution, 1343- 
1345 

Graphical electrical symbols, 12-17 
Grips, cable, 1071 
Ground, armature coil, 610 
cable testing for, 84, 1230 
conductor, 1235 
connections, 1094 
detectois, 92 
location of, 1230 
reduction of resistance 1098 
resistance, 1096 
wire, 1096 

Grounding, appliance, 1263 
conductor, connection, 1235 
size, 1233 

distribution circuit, 1092 

electrode, 1234 

interior wiring system, 1226 

method of, 1231 

pipe, 1094 

rods, 1094 

signal circuits, 1279 

transmission systems, 1093 

value, 1092 

Grounds, d-c machinery, testing, 608 
testing for, 83, 88, 90 
Growth, allowance for, 318 
Guarding live parts, 1224 
Guards, guy protector, 1019 
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Gum, splicing, 253 
Gutters, auxiliary, 1224 
panel board, 444 
wiring, 1224 
Guy, anchor rods, 1016 
anchors, 1049 
assembly, 1047 
attachment, 1048 
bridle, 1054 
clamps, 1019, 1048 
connections to pole, 1016 
crossarm, 1054 
hardware, 1048 
installation, 1045 
make-up, 1047 
protector guards, 1019 
road crossing, 1054 
street, 1052 
thimble, 1017, 1019 
tree, 1053 
Guy wire, 1020 
insulation, 1048 
Guying, hog, 1054 
practice, 1045 

H 

Hack saw, 1152 
Heads, manhole, 1067 
Heaters, electric, 1265 
Henry, definition, 50 
Hickey, box, 1222 
conduit, 1149 

Holders, lamp, general purpose, 503 
sign, 1269 
shade, 507 

Holes, location in construction members 
1218 

Hook, manhole, 1071 
Horsepower, definition, 39 
determination of motor, 96 
motor, required, 791 
House lighting, 1492 
Hunting, generator, 634 
Hydraulic analogy, of circuits, 26 
of e.m.f., 27 
of light, 1337 
Hydrometer, 538, 550 

I 

Illumination, calculation, 1462 
coefficient of utilisation, 1461 
definition, 1339 

depreciation of equipment, 1461 
design tables for, 1469 


Illumination, effect, of finish of walls, 1458 
of room proportions, 1458 
foot-candles, 1335, 1339 
glare, elimination, 1454 
instruments, 1342, 1346 
intensities, 1453 
intensity tables, 1486, 1489 
inverse square law, 1341 
location of equipment, 1459 
luminaires, 1419 
maintenance factor for, 1461 
methods, 1456 
principles of design, 1451 
reflection factors, 1461 
shadows in, 1455 
show-window, 1495 
systems of, 1420 
tests of, 1454 
uniformity, 1456 
units, 1335 
Impedance, 51 
Incandescent lamps, 1350 
Inductance, angle of lag, 50 
definition, 50 

neglecting effect, 336, 1564 
voltage drop, 337, 340, 343 
Induction regulator, 931 
Inspection, motor, 706 
Instrument switches, 398 
transformers, 921 
Instruments, ammeters, 70, 71 
connections, 70-78 
ohmmeter, 75 
magnetos, 66 
megger, 75 
plugs for, 398 
receptacles, 398 
space required, 440 
voltmeters, 70, 71 
watt-hour, 79 
wattmeters, 76 
Wheatstone bridge, 81-85 
Insulating, cleats, 471, 479 
knobs, 475-478 
oil. 887 

tubes, 475, 482 
Insulation, cable, 111-119 

asbestos, 113, 114, 117, 136 
asbestos-varnished-cambric, 114, 118 
cellulose-acetate, 114, 119, 136 
cotton yarn, 114, 118, 135 
enamel, 114, 119, 135 
fiber glass, 114, 119, 136 
glass, 114, 119, 136 
joints, 253, 263 
paper, 113, 116, 136 
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Insulation, cable, removing, 254 
rubber, 111-115 
silk, 114, 119, 136 
slow-burning, 103, 104, 112 
synthetic, 113, 118, 136 
thickness, 126 

varnished cambric, 113, 114, 117, 118, 
136 

weatherproof, 103, 104, 112 
guy-wire, 1048 

measurement of lesistance, 73-75, 705 
motor, care of, 704, 706 
description, 647 

resistance, of interior wiring, 1218 
of motors, 705 
of transformers, 970 
storage battery, 553 
switch, 367 

thickness for cables, asbestos, 183 
asbestos-varnished-cambric, 183 
general, 126 
paper, 176-181 
rubber, 174, 176-182 
varnished cambric, 175-182 
transformer, 887 
wire, interior, 1113 
selection, 111, 1299 
thin-wall, 1302 
Insulator pins, 1010 
Insulator support, universal, 1118 
Insulator ties, 1033 

Insulators, application in interior wiring 
1123 

crane, 481 

electrical, definition, 22 
glass, 1009 

interior wiring, 475, 1123 
pin-type, 1009 
pole-line, 1008 
porcelain, 1009, 1014 
rack, 478 
spool, 1009, 1014 
strain, 1009, 1014 
supports for, 482 
suspension, 1008, 1011 
wireholder, 1009, 1014 
Interior wiring (see Wiring, interior) 

Iris, 1452 

Iron, soldering, 262 
Iron pipe, 1056 

J 

Jackets, rubber, 120 
Joint*, cable (aee Cable, joints) 
compression, #88-291 


Joints, wire, 1124, 1125 
Junction boxes, underfloor raceway, 1178 
Jute, bedding, 189 
serving, 189 

K 

Kelvin's law, 355 

Kilovolt-ampere and kilowatt, 55, 56, 58 
Kilowatt-hour, definition, 42 
equivalents 4, 

Kilowatts, formulas, 55, 56, 58 
reduction to horse-power, 40 
Knife-blade, switch, 364 
Knob and tube wiring, 1104 
Knobs, 475, 478, 1126 
supporting conductors on, 1114 
supporting wiles on, 1125 
wiring, 475 
Korduct, 1057 

L 

Ladle, soldering, 262 
“La-in,” 1162 
Lag, angle, 50 
Lag screws, 1002 
eves, 1003 
Lambert, 1348 

Lamps, combination of incandescent and 
mercury vapor, 1400 
connection to circuits, 304 
controlled from more than one point, 
394, 399 

Cooper-Hewitt, 1387 
desk, 1500 
drying, 1419 

fluorescent, advantages, 1379 
autotransformer for, 1382 
auxiliaiies for, 1380, 1382, 1384 
ballast for, 1383 
capacitors for, 1381 
circuits for, 1382 
characteristics, 1378 
description, 1376 
disadvantages, 1379 
flicker, 1380 
operation, 1376 
resistors for, 1382 
switches for, 1380 
temperature effect on, 1385 
voltage, effect on, 1385 
gaseous discharge, 1386 
germicidal, 1415 
germ-killing, 1415 
heating, 1419 
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Lamps, holders, lor incandescent, 503 
sign, 1269 
sizes allowed, 1304 
incandescent, aviation, 1361, 1369 
bases for, 1355 
bulb finish, 1354 
shape, 1353 
characteristics, 1364 
classification, 1351, 1356 
colored, 1355, 1357, 1366 
country-home, 1359, 1368 
daylight, 1355 
designation, 1354 
effect of voltage variation, 1363 
finish of bulbs, 1354 
floodlighting, 1359, 1371 
gas-filled, 1351 
general, 1350 

general lighting service, 1357, 1364 

high voltage, 1358, 1368 

life of, 1363 

lumens, 1364 

Mazda, 1351, 1356 

non-Mazda, 1352 

photo-service, 1362, 1374 

picture projection, 1359, 1370, 1373 

projectoi, 1362, 1373 

latings, 1364, 1527 

reflector, 1358, 1362. 1368. 1373 

rough service, 1358, 1367 

service classification, 1356 

shape of bulb, 1353 

show case, 1358, 1368 

special lighting service, 1357, 1306 

spotlight, 1359, 1371 

street lighting, 1361, 1372 

street railway, 1361, 1369 

three-lite, 1358, 1368 

tinted, 1357, 1366 

traffic signal, 1358, 1368 

train lighting, 1362, 1370 

Type D, 1352, 1375 

vacuum, 1351 

\ ibration service, 1358, 1367 
voltage, 1363, 1376 
1493 

infrared, 1419 

locations in residences, 1305, 1307 
mercury-vapor, applications, 1387, 1400 
characteristics, 1397 
Cooper-Hewitt, characteristics, 1390 
description, 1387 
maintenance, 1392 
operation, 1390 
quality of light, 1387 
type H-l, 1894 


Lamps, mercury-vapor, type H-2, 1396 
type H-6, 1398 
types, 1387 
neon, 1402 

neon-glow, 1408, 1410 
sockets, 503 
sodium vapor, 1401 
standard sizes, 1527 
street, 1415 
sunlight, 1411 
three-lite, 1358, 1368 
ultraviolet, characteristics, 1413 
general, 1410 
germ-killing, 1415 
photographic, 1414 
sunlight, 1411 
theatrical, 1414 
voltages for, 312 

effect of change, 312 
Laterals, underground, 1064 
Law, inverse square, 1341 
Kelvin's, 355 

Layout, wiring design, 1318 

Lead sheath, 120, 122, 123, 186, 187, 188 

Lead wire, makeup to binding post, 277 

Legislation, lighting, 1501 

Length, conversion factors, 2 

Light, absorption, 1331 

characteristics of materials, 1336 
candle power, 1335 
codes, 1501 
color, 1330 

of objects, 1337 
definition, 1330 
distribution curves, 1343 
explanation, 1330 
flux, 1335, 1337 
lumens, 1335, 1340 
luminous intensity, 1335 
meters, 1346 
output of souice, 1338 
physiological features, 1451 
point source, 1338 
primary colors, 1330 
propagation, 1330 
reflection, 1331, 1332 

characteristics of materials, 1336 
coefficients, 1333 
refraction, 1331, 1334 
sources, 1350 
brightness, 1350 
efficiency, 1343 
luminaires for, 1419 

transmission characteristics of mate¬ 
rials, 1336 
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Lighting, built in, 1425> 1439, 1448 
circuits (see Circuits, lighting) 
correct, 1453 

depreciation of equipment, 1461 
design steps, 1463 
design tables, 1469 
desk, 1500 
dining room, 1494 
direct, 1422, 1425, 1439 
effect, of finish of walls, 1458 
of proportion of room, 1458 
fixtures, testing of winng, 91 
flood, 1512 

general diffuse, 1422, 1443 
indirect, 1423, 1445 
intensity tables, 1486, 1489 
kitchen, 1492 
laws, 1501 
legislation 1501 
loads, demand factors for 1528 
location of equipment 1459 
maintenance of equipment 1461 
maintenance factor, 1461 
methods 1456 
office 1499 

outline, wiring for 1267 
principles of design, 1451 
purpose of 1451 
reflectors 1423 
lequirements for, 1453 
residence, 1492 

selecting wiring system for 1297 

selection of equipment, 1450 

semidirect, 1422, 1440 

semi-indirect, 1423, 1444 

senes 927 1501 

show-case 1499 

show-window, 1495 

sign wiring for, 1267 

sports, 1519 

store, 1495 

street, 1501 

street series, transformers for, 927, 1510 

systems, 1420 

uniformity, 1456 

units, 1335 

voltages for, 312 

Lightning protection, 424 

Lines, duct, 1054 
pole, 984 

underground 1054 

Loads, appliance minimum allowable, 
1529 

calculation, 319-332 
eeoter, circuit, 833 
centers, 384 


Loads, diagrams, 353 
distribution feeder, 1077 
division, a-c generators, 632 
d-c generators, 582, 584 
transformers, 954 
lighting, demand factors for, 1528 
minimum allowable, 326, 1529 
maximum feeder, 1318 
motor, demand factors for, 1530 
Loadstone, 18 

Locknuts, conduit, 1135, 1138 
Loom, 1125, 1128 
Loops, drip, 1124 
Lubrication, motor, 704 
Lugs, cable, 277 
solderless, 280-283 

Lumen output, determination from graph, 
1344 

Lumens, 1335, 1337, 1340 
Luminaiics, aluminum, 1424, 1429, 1434, 
1436, 1445, 1448, 1449 
built-in, 1425, 1439, 1448 
classification, 1420 
definition, 1419 
diffusing glass, 1421 
direct-lighting, 1422, 1425, 1439 
distribution graph, 1420 
enclosed. 1423, 1427, 1429, 1430, 1434, 
1436, 1438, 1440, 1443, 1444, 1445 
general diffuse, 1422, 1443 
glass, mirrored, 1430, 1432, 1446 

opal, 1424, 1442, 1443, 1444, 1446, 
1448, 1449 

prismatic, 1430, 1436, 1440, 1445 
glass and steel, 1425, 1429, 1434, 1438 
indirect lighting, 1423, 1445 
open, 1423, 1427, 1429, 1430, 1432, 
1434, 1435, 1436, 1438, 1440, 1442, 
1443, 1444, 1445 
plastic, 1425, 1445, 1447 
selection of, 1450 
semidirect, 1422, 1440 
semi-indirect, 1423, 1444 
siae of, 1451 

steel, 1423, 1427, 1434, 1435, 1446 
suspension mounted, 1425 
Luminous intensity, 1335, 1338 

M 

Machine tools, motors for, 821 
speeds of, 830 

Magnet wire (see Wire, magnet) 

Magnetic contactor, 714 
Magnetic controllers (see Controllers* 
motor) 
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Magnetic field, direction, 30 
explanation, 18 
production by current, 29 
Magnetic flux, 19 
Magnetic lines of force, 18 
Magnetic poles, 18 
Magnetic relays, 716 
'Magnetic switches, 367, 369, 418 
Magnetism, residual, 676 
Magneto, test set, 66 
Magnets, definition, 18 
methods of producing, 19 
polarity, 18, 30 
types, 18 
Main circuit, 298 
Mains, panelboard, 445, 447, 452 
tapered, 1077 

(See also Circuits, main) 

Mandrel, duct, 1061 

Manholes, arrangement of cables in, 1075 
cable support in, 1073 
cast, 1070 
chamfering, 1068 
covers for, 1067 
description, 1064 
draining, 1068 
eyebolts for, 1073 
heads for, 1067 
hooks for, 1071 
location, 1064, 1065 
size, 1065 
stirrups for, 1073 
types, 1065 

Markup, method .of computing, 10 
percentage, table, 10 
Materials, galvanized, 1218 
general construction, 557 
Matter, electrical structure, 19, 20 
Measurement, current, 70, 71 
power, 75-78 
of power factor, 78 
of quantities from a blue print, 353 
of resistance, 72-75, 81 
of voltage, 70, 71 
Megger, 75 

Mershon diagram, 340, 343, 1571 
Metal raceway, cutting of, 1165 
Florduct, 1162 
installation, 1165 
La-in, 1162 
National, 1162 
support, 1166 
Idling, 1105, 1162 
Xfcnsionduct, 1163 
MflUtflic-tubing wiring, 1105 
Metals, physical characteristics, 260-252 


Meter connection*, 70^7$ 
foot-candle, 1346 
maximum demand, 1250 
watt-hour, 79 
(See alto Instruments) 

Mho, definition, 23 
Micrometers, 101 
Mil, circular, 34 
conversion factors. 2 
square, 34 
Mil-foot circular, 35 
Molecules, electrical structure, 19 
Motor control (see Control, motor) 
Motor-drive, design, 779 
gear, 854 
methods, 780 
(See also Drive) 

Motor generator, 691, 693 
rheostats for, 738 

Motors, a-c, brush-shifting, 683, 813 
capacitor, 686 
or d-c, 788 

inductively split-phase, 685 
polyphase induction, auto-starter, 
troubles with, 698 
automatic start, 668 
characteristic curves, 660 
characteristics, operating, 659 
starting, 660 

collector-ring troubles, 698 
commutator brush-shifting, 671 
compensator troubles, 698 
construction, 656 
control of, 753 
defects, 694 
efficiencies, 670, 671 
end-play, improper, 699 
faults of, 694 
high-resistance, 668 
high-torque, low-starting current, 
667 

low maximum output, 696 
low-torque, causes, 695 
low starting current, 667 
multispeed, 669 

normal-torque, low-starting cur¬ 
rent, 666 

normal-starting current, 666 
oil leakage, 699 
open circuit, 696 
operation, 657 
polys peed, 672 
power factors, 670 
principle, 657 
reversing, 690 
rotor troubles, 697 
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Motors, a-c, polyphase induction, shut- 
down causes, 694 
slip, 659 

slip-ring, 656, 669 
speed control, 662, 665 
squirrel cage, 656, 666-669 
starting, 660 

starting compensator troubles, 698 
synchronous speed, 658 
torque, breakdown, 659 
characteristics, 660 
curves, 661 

transformer starting troubles, 698 
transformers for, 902 
troubles, 694 

voltages, effect of unbalanced, 697 
winding faults, 696 
wound rotor, 669 
protection, overload, 764 
repulsion, 682 
repulsion-induction, 689 
repulsion-start, induction-run, 689 
series, 690 
shading coil, 684 
single-phase induction, 684 
speed of, 623 
starting methods of, 753 
synchronous, application data, 813, 
814 

armature troubles, 702 
bearing troubles, 702 
brushes, 702 
characteristics, 674, 678 
chronic, 816 
classification, 675 
collector rings, 702 
construction, 674 
controllers for, 775 
current, field, 675 
excitation, 675 
general-purpose, 676, 677 
hunting, 702 
open circuits in, 701 
operation, 674 
power factor, 675 
correction, 675 
reversing, 690 
selection, 816 
short circuits in, 701 
special purpose, 680 
speed, 674 

starting characteristics, 678 
troubles, 700 
super-, 680 

torque requirements, 814 
values, 676, 678 


Motors, a-c, synchronous, troubles 
types, 675, 678 
WR 2 , normal values of, 677 
voltage protection, 764 
altitude effect on, 793 
bearings for, 643 
selection, 790 
troubles with, 703 
belt drive, flat, 846 
V-, 835 

bending roll, 821 
bolt and nut machine, 821 
bolt pointer, 821 
boltheading, 821 
boring machine, 822, 823 
brake, 640 
buffing lathe, 822 
bulldozer, 822 
care, 704 

chain drive for, 862 
characteristics, summary of, 794 
choice of, 806, 821 
circuits for, general, 863 
remote-control, 876 
classification, 638 
cleaning, 707 

code letters for, 874, 1535 
connection to circuits, 304 
control of (see Control, motor) 
controllers (see Controllers, motor) 
crane, protection, 1258 
currents of, full load, 1531-1533 
starting, 649, 794 
cutoff machine, 826 
cutter, 823 
d-c, applications, 811 

armature coil reversed, 611 
heating, 611 
open, 609 
short-circuit, 610 
testing, 608 
bearings, 600 
brushes for (see Brushes) 
commutation, 611 
commutator, blackening, 614 
care, 611 
grinding, 614 
heating, 613 
loose segments, 613 
sparking, 613 

(See also Commutators) 
commutators for, 597 
compound, 651, 655 
connections, proper, 606 
controllers for, 736 
crossed coil leads, 611 
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M« "b, d-c, defects, 598-621 
fficienoy, 656 
' xoitation, 650 
M« rnlts of, 598-621 
Ms .eld, open, 608 
M* 'lowing, 611 
M- (leutral point of, 587 
'ft >r a-o, 788 
M* fitting, 611 
M- molarity testing of, 607 
Mu protection, 738 
overload, 740 
reversing, 690 
series, 651, 654 
* shunt, 651, 654 
ft** sparking, 609 
speed, low, 620 
speed control, 654, 655 
ftf troubles, 602 
ftfc starting, 736, 739 
staiting current, 653 
methods, 652 
< stopping, 740 

toique characteristics, 651 
starting, 653 

<* troubles with, 598-621 
e types of, 650 
h< connecting devices for, 871 
h< 11 , 823 
lo ves for, 779 
si* drain, 862 
s J lat-belt, 846 
t' V-belt, 835 
Mat dng out, 705 
1 ‘losure of, 644 
Mat' 1 reversed, 606 
ge» 'ing, 821 
Mt ndations for, 832 
Mi m-Weichsel, 680 
r, 641 

<- r cuttei, 823 
o. ring for, 854 
of eral purpose, 639 
r der, 824 
Mer uner, 824 
Met. tepowei limits, 789 
Meta ection, 706 
Flo lation care, 704 
ins lating materials for, 647 
1 eating machine, 825 
N 4 r olt-ampere input, 874 
at. i, 822, 825, 829 
Wii rication, 704 
St# >iine tool, 821 
ftIM a and feeders for, 330, 877 
Metal tenanoe, 704 


Motors, measurement of insulation resist¬ 
ance, 74 

mechanical arrangement, 790 
connection, 784 
milling machine, 823, 825, 826 
mounting, direction of, 643, 790 
nut tapper, 828 
planer, 826, 827 
pinions for, 856, 857 
pipe-threading, 826 
powei supply as affected by, 789 
printing machine, 830, 831 
protection, 864-871 
with thermoguards, 871 
with time-lag fuses, 410 
protective devices for, 716 
pulley dimensions for, 835 
pump, 830 
punch, 827 
lating of, 646 
standaid, 793 
regulation, 650 

remote-contiol circuits for, 876 
leversing methods, 690 
risks, unusual, 792 

ioll, 821 

rotation reversed, 606 
saw, cutoff, 829 
selection, 787, 821 
a-c or d-c, 788 
factors affecting, 787 
guide table, 806 
horsepower rating, 790 
mounting, 789 
power lates effect upon, 789 
special considerations in, 792 
speed requirements, 789 
torque, 791 
unusual risks, 792 
voltage lating, 788 
service classification of, 639 
several on one branch, 869 
shaper, 829 
shear, 828 
size required, 821 
Blotter, 829 
slotting machine, 825 
speed characteristics, 794 
classification, 639 
control, 794 

starting currents for, 649 
straightening roll, 821 
switches for, 871, 875 
synchronous speed, 623 
temperature rise of, 648 
test for horsepower, 96 
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Motors, torque, characteristics, 704 
definitions, 646 
turning mill, 822 
types, 638 
upsetting, 821 
voltages, 312 

effect of change, 312 
selection, 789 
wheel press, 829 
wire size for, 876 
wiring tables for, 877, 1552-1561 
woodworking machinery, 831 
Multioutlet-assembly wiring, 1108, 1211 
Multipliers, table for computing profits 
and prices, 9 

N 

Nails, common, 557, 558 
finishing, 560 
insulated, 1283 
with split knobs, 480 
wire, 557 

National Electrical .Code, 1102 
National Electrical Safety Code, 984 
National Electric Light Association, 984 
Neon-glow lamp and tube testers, 69, 70 
Networks, 301, 1084 
Neutral, identifying, 90 
Neutral-point determination for d-c 
motors and generators, 587 
Nichrome w’ire, 250, 252 
Nipples, conduit, 1135, 1138 
Nonmetallic-sheathed-cable wiring, 1105, 
1170 

Nonmetallic surface extension wiring, 
1175 

Nonmetallic waterproof wiring, 1106, 117G 
Nucleus, of atoms, 19, 20 
Nuts, eye, 1001 
machine bolt, 563 

O 

Office wiring, 1312 
Ohm, definition, 22 
Ohmmeter, 75 
Ohm’s law, 31-33 
'Oil, drying of, 972 
filter press, 973 
leaks in transformers, 675 
oxidation, 889 
sampling, 971 
testing, 971 
transformer, 887, 971 
Open-delta connections, 940 


Open wiring, 1104 
Outlet boxes, conduit, 1138 
dimension? required, 500, 1219 
Outlets, concealed knob r v nd tube wirir 

1127 , , 
conduit, 1138 

convenience, location o'* 1305, 1307 
fixture, 1129 

knob and tube wiring, 1127 
location in residences, 1305, 1307 
plug, installation, 1262 
porcelain, 1172 

requirements, apartments, 1309 
commercial buildings, 1312 , 

public structures, 1312 
residential, 1305, 1307 
wiring, 1217 

Outline lighting wiring, 1267 
Overhead distribution, methods of, 931 
lines (see Pole lines) 

Overload protection, 402 

P 

Panel boards, calculation of load on, l 
326 

description, 444 

dimensions, 453, 464, 470, 473 

gutters for, 444 

lighting, 446 

mains for, 445, 447, 452 

number of circuits, 452 

overcurrent protection of, 447 

power, 460 

trims, 445 

Pane blox, conductors in, 1217 
description, 299, 444, 455 
Paper cable insulation, 116 
Pendents, 1122 
Phase, explanation, 46 
three, 47 
two, 47 

Phasing-out, 629 
Photometer, 1342 
Physiological features of lighting, 
Pinions, motor, 856, 857 
Pins, crossarm, 1010 
insulator, 1010 
Pipe, extension bit, 1325 
grounds, 1094 
iron, 1056 
straps, 1141 

Pitting, d-c generators and motors, 
Plates, battery, 522 
flush switch, 497 

Plug-and-receptacle, instrument, 398 
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ugging of motors, 723 
' ugs, fish, 1159 
Flux-A-power, 1191 
-eceptacle, 482 

Qarity, commi tating pole, 587 
leld, testing 07 
>f magnets, 30 
sf solenoids, bO 
esting d-c generator, 591 
,ests for, 91 
transformer, 931, 942 
le braces, 1054 
«le, gin, 994 

piy connection to, 1010 
- gain, 1024 
’incs, aerial cable, 1042 
trance of wires, 1030 
nstruction, 1021 
<*ead ending, 1037 
equipment for, 999 
guying practice, 1045 
hardware, 1048 
joint use, 1029 
materials, 999 
acing of wires, 1030 
^e wiring, 1039 
re location, 1028 
iize for, 1039 
es. tying in, 1033 
, buck-armed, 1022 
tt-treating, 989 
•sifiration, 984, 986 
mnutating, 584, 587, 590 

j^ a) lerete, reinforced, 991 
, ,,;«■■■, 1052 

Mat. 1 8 enerator « 580 
. th to set, 992 
'11 . 

^ensions/986 

M. ^ing, 1024 


mg, 1045 


’« for, 993 
t use of, 1029 
Oi> tion of wires on, 1028 
, j net, 18 

Mer m“' VRti ™' 98U 
Me,. “in*, 990 
MetL . .upporting, 1054 
FI,, ■ >* °f. 994 
■pth, 992 
to use, 992 
n cing, 993 
>an, 993 

i ecific'itions for, 989 
eel, 990, 999 
ep sockets for, 1026 
Met.iH’P 6 - 1028 


of 


ins- 

k 


Poles, of switch, 362 
types, 984 
weight of, 988 
wooden, 984 
reinforcing, 996 
Post, binding, 277 
Pot, plumbor’s fire, 262 
Power, a-c circuit, 41 
apparent, 52 
conversion factors, 4 
d-c circuit, 40, 41 
definition, 39 
electric, 40 

factor, apparatus, 1065 
circuit determination, 338 
correction, 56, 675, 682 
definition. 53 
effects of low, 55 

improvement with capacitors, 509 
magnitudes for circuits, 53 
measurement, 78 
relation to phase angle, 53 
formulas for conversion of units, 40 
loss in ciicuits, 63, 354, 356 
measurement, 75-78 
mechanical, 39 

rates, selection of motors affected by, 
789 

supply, motors affected by, 789 
units, 39, 40 

Prices, selling, multipliers for computing, 9 
Printing machinery, power for, 830, 831 
Profit, method of computing, 10 

percentage, multipliers for computing, 9 
table of percentage, 10 
Prony brake, 96 

Protection, branch, appliance circuit, 
1262, 1304 

lighting circuit, 1215, 1304 
motor circuit, 873 
cable joint, 253 
circuit, 1215 

distribution system, 1087 
of exposed surface wiring, 1116 
general, 424 

of high-voltage circuits, 1260 
lightning, 424 
of motor, 710, 711 
motor mains and feeders, 877 
overload, 740, 764, 864-871 
with time lag fuses, 410, 866 
overcurrent, incorporated with switches, 
371, 420 
overload, 402 
panel board, 447 
signal wiring, 1277 
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Protection, surge, 428 
transformer, 905, 904 
voltage, 710 

of wires, 1215 # 

Protective covering, removing from cables, 
253 

Protective devices, comparison, 423 
description, 401 
motor, 716 
sizes, 1550 

time characteristics, 402, 423 
typos, 403 

Protective equipment, motor, 710, 711 
Protector, guy, 1019 
Pull boxes, 1139 
Pulleys, alignment, 833 
belt-drive, flat, 848, 850 
dimensions, 835 
Pumps, motors for, 830 

R 

Raceway, continuit.v, 1220 
description, 1177 
fiber-duct, 1182 
junction boxes foi, 1178 
layout, 1185 

rules for installation, 1178 
steel-duct, 1180 
Racks, insulated, 475, 480 
secondary, 1026 
storage battery, 555 
wire, 1119 

Radio, lightning protection, 425 
wires for, 134 
Rails, trolley, 1252 
Ranges, demand factors for, 1527 
electric wiring for, 1264 
load calculations for, 326 
Ratios, transformer, 893 
Rawl-drives, 571 
Rawlplugs, 569 
Reactance, capacitive, 51 
correction factors, 1571 
inductive, 50 
ratio tables, 1566-1569 
i eduction, 337 
tables, all-steel cables, 1590 
aluminum cables, 1592-1599 
copper cables, 1580-1589 
copper-steel cables, 1590 
copperweid cables, 1591 
voltage drop, 337, 340, 343 
Reactor, saturable, 776 
Reaming, conduit, 1152, 1158 


Receptacles, appliance, installation, 1262 
gaseous-discharge sign, 1271 
open wiring, 1123 
ratings required, 1304 
wiring, 482 

Reflection, 1331, 1332 
Reflection characteristics of materials, 
1336 

Reflection coefficients, 1333 
Reflectors, floodlighting, 1514 
Refraction, 1331, 1334 
Regulation, motor, 650 
transformer, 893 
Regulator, induction, 931 
step-by-step, 931 
Relays, definition, 711 
description, 402, 417, 420 
distribution, 1087 
held. 743, 751 

fuses, releases and, compared, 423 

ground detector, 94 

induction, 423 

inductive-time, 725 

magnetic, 122. 716 

temperature, 711 

thermal, 420, 716 

tunc, 720 

time-cun cut, 731 

Releases, description, 402, 417, 420 
fuses, relays and, compared, 423 
magnetic, 422 
thermal, 422, 716 

Residences, branch circuits for, 1308 
lighting for, 1492 

outlet requirements for, 1305, 1307 
service conductors for, 1306 
service-entrance iequirernents for, 130' 
wiring for, 1304 

Resistance, a-c circuit, 34, 48, 337 
aluminum, 170 
average values, 1571 
battery, internal, 515 
cable (nee Cables, resistance) 
computation, 35-37 
contact, 39, 364 
crane trolley rail, 1256 
definition, 22 
different materials, 37 
explanation, 22 
ground, 1096 

insulation, interior wiring, 1218 
motor, 705, 706 
testing, 85 

measurement, 72-75, 81-85 
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i distance, parallel circuit, 296 
’elation to voltage and current, 31 
»pecific, definition, 35 
table of values, 37 
tables, all-steel wire, 1577 
aluminum wire, 1578 
copper wire, solid, 1573 
stranded, 1574 
copper-steel, 1577 
copper weld, 1577 
temperature, effect of, 36 
tempeiatuie coefficient, 30, 37, 170 
transfoimei insulation, 970 
unit, 22 

value of, factors affecting, 33, 34 
wire, 250-252 

:esistivity, conversion factors, 4 
definition, 35 
esistors, definition, 33 
fluoieseent lamp, 1382 
rnotoi control, 709 
heostats, armature-control, 718 
definition, 33 
field, 655, 743 
speed-control, 71 1 
starting. 738 
wound-rotor, 771 

lings, collector, s\nchtonoirs motor, 702 
od, anchor, attachment, 1048 
1 copper, lound, 163 
lodding, duct, 1071 
tods, armor, 1035 
ground, 1094 
gu> -anchor, 1016 
losettea, 508, 1122 
totometer, 353 

lubber cable insulation, 111-115 
lubber cement, 263, 266 


S 


tag propel wire, 1042 
«aturants, cable, 120, 122, 187 
tow, hack, 1152 

fcott connection for transformers, 913 
bhool wiring, 1312 
lotew anchors, 566 
lerews. expansion, 505 
lag, 1002 
machine, 562 
wood, 561 


Vif-induction, 49, 50 
Service, electric, 299 
)&rvice oenters, 384 
Service conductors, 1240 
master, 1239 


Service conductors, overhead, 1242 
underground, 1244 
Service entrance, 1236 
apartment.house, 1309 
cable interior wiring, 1106, 1174 
commercial building, 1316 
dwelling, 1306, 1309 
wires, 1124 

Service equipment, 1236 
Service installations, typical, 1244 
sequence, 1238 
switch, 1236 

Serving, jute, thickness, 189 
Shade holders, 507 
Shading coil, 684 
Shadows, 1455 

Sheath, lead, 120, 122, 123, 186, 187, 188 
Shielding of cables, 110, 184 
Shields, expansion, 565, 568 
lag-screw, 568 
Side-arms, 1022 
Sight meter, 1346 
Sign flashers, 1273 
Sign wiring, 1267 
Signal wiring, 1276 
Signals, appliance, 1263 
Signs, flashing, 1268 

gaseous-discharge, transformers for, 
1270 

wiring for, 1270 
high-speed effect, 1275 
incandescent, wiring, 1269 
neon, make-up, 1405 
• transformers for, 1405 
wiring for, 1268 
types, 1267 

Silk cable insulation, 114, 119, 136 
Single-phase circuits (#ee Circuits, single¬ 
phase) 

Skin effect, general considerations, 48, 49 
ratios, 1571, 1575, 1576 
in voltage-drop calculations 337 
Sleeves, connecting, split-copper, 262 
expansion, 565 
Mclntre, 252 
splicing, 284, 286, 288 
Slide-wire bridge, 82 
Slip, induction motor, 659 
Sockets, application, 1122 
in damp places, 1122 
fastening cords in, 1216 
installation, 1122 
key, 504 
keyless, 504 
lamp, 503 
pole-step, 1026 
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Soil, chemical treatment, 1099 
Soldering, cable, 262 
flux for, 262 
iron, 262 
ladle for, 262 
lugs, 278, 279 
pot, 262 
tinning in, 278 

Solderless connectors, 280, 283 
Solenoids, switch operation with, 367 
Space working, 1223 
Spacings, bus-bars, minimum, 65 
needle spark points, 64 
Sparking, d-c machinery, 609 
distances, for air gaps, 64 
Specific gravity, 549 

storage battery, 526, 538 
Splices, cable, 1124 
wire, 1125 

Splicing, of cables, 252 -291 
of conductors, 1217 
gum, 253 

of service conductor, 1244 
sleeves, 284, 286, 288 
Square mil, explanation, 34, 35 
Starters, motor (see Controllers, motor) 
Starting, d-c motor, 739 
Steps, pole, 1026 
Stirrup, manhole, 1073 
Stopping, d-c motor, 740 
Storage battery (see Batteries, storage) 
wiring for, 553, 556 
Store wiring, 1312 
Strand, concentric, 99 
Stranding, aluminum wire, 105, 171, 172 
copper wire, 105, 148-155 
definitions, 98 
Straps, conduit, 1141 
pipe, 1141 

Street lighting {see Lighting, street) 
Street-lighting cable, 182 
Stud, fixture, 1222 
Surface, conversion factors, 2 
extension wiring, 1106 
metal-raceway wiring, 1105, 1162 
Surge protection, 428 
Surging, a-c generator, 634 
Support, Universal insulator, 1118 
Supports, wiring box, 499, 500 
Switch blade, 364 
Switch handles, 377 
Switch posts, 377 
Switchboards, classification, 428 
clearances, 431 
definition, 428 
dimensions, 436 


Switchboards, erection, 431, 436 
foundation, 431 
frame, 430 
location, 430 
materials for, 429 
safet 3 ' enclosed, 428, 440-443 
space required, 436 
types, 428 

Switches, air-break, 367 
appliance, 393 
attachments for, 377 
automatic, 367, 369 
battery. 399 
boxes for, 1130 
branch-circuit motor, 875 
canopy, 393 
classification, 360 
closet door, 392 
collector, crane, 1251 
combination, 390 
connecting, 397, 401 
contact adjustment, 378 
contact resistance, 364 
contacts for, types of, 364 
control, 398 
cord, 392 
crane-cab, 1257 
crane-service, 1236 
definition, 360 
designation, 372 
dial, 367 

dimensions, 437, 438 
disconnecting, 381 
distribution, 1087 
door, 392 
double-break, 366 
double-pole, 394 
double-throw, 363 
driptight, 370 
drum, 368 
dust tight, 371 
elect* olier, 395 
enclosed, types, 370 
entrance, 383 
field, 383 
field relay, 743 
finish of, 374 
fluorescent lamp, 1380 
flush, 386 
four-pole, 395 
four-way, 394, 399 
fuse clips for, 380 
fused, 371 

general-purpose, 370, 372 
general-use, 872 
hand, 367 
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'hee, hazardous location, 371 
. *,ter, 395 
di-voltage, 1200 
olating, 872 
stallation, 397, 399 
^trument, 398 
sulation, 367 
tterchangeable, 390 
iterior wiring, 386 
elating, 381 
damp-Tite, 374 
t.nife-blade, 364, 373 
’ever, 367 

ocation in residences, 1305 
low-voltage, 399 
magnetic, 367, 369, 418, 759 
manual, 367, 420 
master, 710, 714 
mercury, 366, 386 
meter service, 383 
momentary contact, 395 
notor circuit, 381, 871 
otor operated, 367 
iotor starting, 382, 757 
ounting, 400, 1122 
ultiple-circuit, 395 
lultipie-throw, 363 
J, 367 
»en, 373 

>erating mechanism, 367 
eration, speed, 369 
arts, 373 
jndant, 392 
•les of, 362 

Section of, overcurrent, 371 
ill-chain, 393 
ish-butlon, 369 
•ick-break, 370 
ick-make, 370 
+ing, 380, 381 
mote control, 369 
tary, 369, 393, 398 
i.ety enclosed, 377 
vice, 383 
naling, 399 
glc-pole, 394 
gle-throw, 363 
«, 380, 1551 
P, 369 
enoid, 367 
d neutral, 363, 372 
ace required, 437, 438 
•ecial features, 377 
^peed of operation, 369 
aidard wiring, 386 
jmersible, 371 


Switches, support, 1122 
surface, 392 
switching-neutral, 372 
telephone, 399 
test jacks for, 381 
testing, 380 
three-pole, 395 
three-way, 89, 394, 399 
through-cord, 392 
toggle, 367 
tumbler, 369 
types, 360 
two-pole, 394 
watertight, 370 
weather resisting, 370 
wiring, 386, 396 
for knot and tube, 1130 
Symbols, for architectural plans, 1600 
for direction of current flow, 30 
standard graphic electrical, 12-17 
Synchronism, 628 
Synchroscope, 631 

Synthetic cable insulation, 113, 118, 136 
System, a-c, location of conductors, 1217 
Systems, d-c, two-wire, 301 
three-wire, 301 
different conductors of, 1217 
distribution, design, 1075 
grounding, 1092 
protection, 1087 
electric, complete, 296 
electrical, application, 307 
comparison, 307 
component parts, 296 
d-c versus a-c, 307 
design. 1318 
layout, 1318 
voltage selection, 312 
grounding, 1226 
insulation resistance, 1218 
interior wiring, design, 1296 
loop, 301 
network, 301 

power-supply, effect of motors on, 789 

radial, 300 

radial-group, 300 

ring, 301 

single-phase, 301 

three-phase, 301 

three-wire, transformer connections for, 
933 

transmission, grounding, 1093 
tree, 300 
two-phase, 301 
underfloor raceway, 1185 
underground, 1054 
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Systems, voltages of, 809, 310 
effect of change, 311 
(See aJso Circuits) 

T 

Tape, cable, 120, 121 
friction, 253 
rubber, 252 
splicing, 263 
thickness of, 189, 190 
varnished-cambric, 253 
Tapes, bindei, cable. 111 
Tapping, of joints, 263. 264 
of lugs, 278 
of terminals, 278 
Taps, cable, 258-261 
circuit, 299 
Telecell, 520 

Teinperatuie, ambient, 648 
cable, safe, 315 

change, detei initiation Irom \auation 
of icsistance, 38 
coefficients, 36, 37, 170 
insulation, safe, 617 
i clay, 711 

tesistance, effect upon, 37 
rise, of motors, 648 
storage battery, 534, 535, 545 
transformer, 895, 976 
and voltage-drop calculations, effect on 
333 

Temperature scales, centigrade and 
Fahrenheit, 12 
Terminals, cable, 277-283 
connection, 252, 277-283 
solderless, 280-283 
Test equipment, 66-70 
Test-jacks, switch, 381 
Tests, aimatures, 608 
oable-grounds, 83-88 
insulation tesistance, 85 
circuits for faults, 86 92 
circuit--polarity, 91 
closed-circuit, 66-70 
excitation, d-c motor, 606 
field-circuits, 608 
ground-resistance, 1097 
grounds, d-c machinery, 608 
insulation resistance of motors, 705, 706 
motor, determination of horsepow et, 96 
oil of transformers, 971 
polarity of d-c generators, 591 
three-way switch connections, 89 
transformers, 932 
voltage, 66-70 


Tests, wiring of lighting fixtures, 9] 
Thermal cutouts, 416. 716 
Thermal relays, 420, 716 
releases, 420, 716 
Thermocouples, 25 
Thermoguards, 871 
Theimometei scales, 12 
Thimble, guy, 1017, 1019 
Threading conduit, 1151 
Threads, conduit, 1133 
pipe, 1133 

Tluee-phase oiicuits {see Ciicmts, thie 
phase) 

Thiee-wire genera tots, 588 
Ties, insulatoi, 1033 
wire, 1033 
Tinning, joints, 278 
lugs, 278 

Tools, portable, power MippU for, 11M6 
Torch, blow, 262, 280 
Toique, definition. 42 
uiotoi, definition*, 640 
pol.\ phase induction 659 
let]lined, 791 
st ai ting, d-e, 653 
i cl.itions, m mechanisms 43 
to hoisepowei, 43 
unit, 42 

"loweib. steel, fabiicated, 990 
Tiansfouneis, accuracies, 923-925 
.icces&oitea, 909, 910 
an-blast cooled, 885 
an-cooled, 885 
applications, 956 
auto, applications, 956 
connections, 956 
desciiption, 903 

bell-ringing, 921, 1285, 1289 ' 

booster, 946 
capacity, 895, 946 
characteristics, 910-918 
choke, 949 
classification, 883 
connections, for auto-, 956 
for single-phase, 931 
for standard distribution, 933 
for three-phase, 936, 945, 946, 953 
foi three-phase to two-phase, 943 
for three-wire secondary, 933 
foi two-phase, 934 
conservator, 889 
constant-current, 892, 927 
constant-potential, 880, 891, 892, 904 
control, 919 
cooling, 883, 976 
copper losses, 894 
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tjMformem, core loeaes, 894 
fWent 8p, 921 

tum 880 

lelta connected, 987 
listnbution, characteristics of 910-918 
description of, 904 

X g foi 1026 
966 967 

!eddy-current losses 894 
efficiencies 894 910-918 
errors in 921 923 92 5 
expansion tank 889 
'gaseous-dist harge lamp 921 

n us-dischaige sign 1270 
iding of 1093 
Aiide for loading of 895 
Lndlmg 965 
tysteiesis losses 894 
tpedance of 910-918 
Ruction-motor 902 
ftrtaire 889 
i^ertion 966 
foliation 958 966 
merit 921 
lotion 887 
nation resistance 970 
n\okses 894 
ui immersed 885 
dliiision 954 
dig guide 895 
alipd lighting 918 
at», 965 
iefi«94 910-918 
inlhanee 958 964, 973 
Vtnpg of methods of 891 
lairrn 1026 
jolJ977 1026 
m-^n, 1405 
wd 905 
foiB87 

dr tig foi 972 
fillfe of 972 
lea) in 975 
imbrued 885 
teeig 971 

eran 892 895 958,975 
eric is on 897 
arall operation of 954 
for mee characteristics of 910-918 
ttfo type 891 
\ari 931 

or ee-phase, 942 
e-n nting, 891 
ypl 9 . 889 
entj 921 


Transformers, power, large, 904 
small, 918 
primary, 880 
protection, 905, 964 
purpose, 891 

ratings, 894, 907 908 910-918 
ratio, 893 

adjuster for 906 
regulation 893 910-918 
regulator 931 
rotar\ converter 952 
scale m 974 
Scott tonnection 941 
secondary 880 
self-air-cooled 885 
self-cooled 885 
self-protected 905 
senes 930 
sign lighting 919 
signal 919 
signal wiring 1278 
single phase 889 933 
Spirakon 881 
step by step 931 
step down 881 
step up 881 
storage 965 
subway 891 
supports foi 977 
surge protected 905 
tap changes foi 900 
taps on 906 
temperature 895 976 
termmologv 880 
testa 932 

theorv of operation 892 
three-phase 889 936 945 953 
two-phase 934 
tvpes 883 

varying potential 891 
vaults for 891 962 
ventilation, 961-963 
voltage on, effect of change 311 
tatings 907 
tape, 906 
water cooled 886 
windings 880 
Transite conduit, 1057 
Korduct, 1057 

Transmission chat acteristics of materials, 
1336 

Trays, storage battery, 555 
Tree gu>ing, 1052 
wiring 1039 

Trench installation, 1060 
Trigonometric functions table, 6, 7 





